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DEL 591 
OSCILLOGRAPH 


ry or flight test 
recording 


A few of its many features are— 


12 inch width records e Recording speeds 
from .082 to 129.9 inches per second e Plug-in 
power supply units for immediate adaptation 
to 28 volts de or 115 volts 60 or 400 cps power 
sources @ Plug-in timing units which provide 
timing lines of .001 and/or .01, .01 and/or 
-10, or .10 and/or 1.0 second intervals ¢ Precise 

timing synchronization between two or more 
Pp roducts units e Complete remote control facilities ¢ 
Ability to operate under extreme temperatures 
and accelerations. 





Oscillographs 


(LABORATORY AND FLIGHT TEST) 
Magnetic Structures 
Galvanometers 

Amplifiers 

Bridge Balance Units 
Hydraulic Servovalves 

Torque Motors 


_—— 
Servoamplifiers MIDWESTERN LHL as 


Data Repeaters 


MIDWESTERN INSTRUMENTS 


4lst and Sheridan Road Tulsa, Oklahoma 
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GE EA. POWER DISPATCH COMPUTER 


can save up to $200,000 per year in operating costs 


Matching power plant output to the ever-changing load 
demands of its customers has always been one of the big- 
gest operational problems of every power company. Hun- 
dreds of engineers and mathematicians continually spend 
thousands of hours poring over past operational data in an 
effort to calculate the most efficient and economical operat- 
ing schedule. But even the best mechanical computing 
methods can only approximate the never-ending day-to-day 
load variations. So, every day main plants and substations 
continue to cycle between overload and excess capacity. 
The result — excessive fuel consumption and higher power 
costs. 

Now, thanks to GEDA, power companies of all capacities 
have a modern electronic method for solving this pressing 
problem. It’s the new GEDA Economic Power Dispatch 
Computer. 

This new GEDA unit—incorporating many of the advanced 
design principles of the spectacular GEDA A-14 Electronic 


ANALOG “ts! COMPUTERS 


The way to give your hunch a chance 


Differential Analyzers — provides an accurate economic 
model of a complete power generating and distribution 
system. All the variables from the entire system are digested 
electronically and computed automatically, giving the sys- 
tem engineer an instantaneous answer to the most eco- 
nomical operation of the entire power network. When 
combined with conventional load controls, operation of 
entire power systems is virtually automatic. Depending 
upon the size of the system, the new GEDA Economic 
Power Dispatch Computer can save as much as $200,000 
per year in direct operating costs. And indirect savings 
through improved utilization of engineers and operating 
personnel can more than double this figure. 


This new GEDA unit is one of five special purpose simu- 
lators in the advanced GEDA A-14 Series which are being 
applied to nuclear power, jet engine design, aircraft and 
missile flight and guidance, process control and power dis- 
patching. We would welcome the opportunity to discuss a 
GEDA installation — large or small — custom-designed to 
your exact requirements. Write: Goodyear Aircraft Corpo- 


ration, Dept. 931EB, Akron 15, Ohio. 


Now available is a new Goodyear Engineering Report, 
GER-6969, which describes the operation of the 
GEDA A-14 Economic Power Dispatch Computer. 

Write now for your copy. 


GOODZYEAR AIRCRAFT 





GEDA -—T. M. Goody Aircraft Cor » Akron 15, Ohir 
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if it’s METAL 
FABRICATION 


your FALSTROM 
man has the answer! 


cabinets 
panel boards 
small parts 
enclosures 
cubicles 
housings 
_ chassis 
. consoles 





e@ fabrication of large or small shapes 
to close tolerances. 


e@ fabrication in aluminum, sheet steel, 
Stainless steel, copper, brass and other alloys. 
@ complete design-engineering-production 
service. 


@ stock tools, dies, jigs . . . standard 
fabricating techniques employed 
wherever possible. 


@ modern facilities for punching, shearing, 
bending, welding, finishing. 


Falstrom means 
it’s that much better! 


ALSTROM 


FALSTROM COMPANY, 92 Falstrom Court, Passaic, N. J. | 
Since 1870 


PRescott 7-0013 
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UNIVERSAL , 
MAGNETIC TESTING SET 


Designed to make a wide variety of magnetic measure- 
ments according to A.S.T.M., such as: 
Core loss testing using Epstein specimens 

or standard E and | cores. 
Determination of B-H curves and Hysteresis loops. 
Measurements of Total Flux of hard magnets. 
Measurements of magnetic field strength. 
4.C. and D.C. permeability tests. 
Six precision instruments enable this portable test set 
to make magneti ts with an overall accu- 
racy of 1%, 


MULTIRANGE 
FLUXMETER 





Single and multirange models for rapid measurements 
of magnetic flux. Basic sensitivity of 10,000 lines per 
division using a single turn search coil. Accuracy .5 of 
1%, 5.2 inch hand drawn mirrored scale. 


New York State Representatives— 


Robert F. Lamb Co., Buffalo. 
Jack Wulfetange, Jr., Syracuse. 


SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 


NEW ROCHELLE, N. Y. 
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how big. 
cana 
small valve 


be? 


Take this Hoke needle 
valve for instance...|It looks 
pretty small on the front 
panel of Perkin-EIimer’s 
new vapor fractometer, 
but it looks b/g in the eyes 
of the man who's buying or 
making equipment like this. 
Just a handful of brass? 
That's so, but carefully 
fashioned to control up to 
3000 psi with no strain! 
it’s added evidence ofcare- 


ful engineering. 


Whether you're the man 
who makes high quality test 
equipment or the man who 
uses it, we'd like to prove 
to you how dig Hoke valves 
can be. There are valvesin 
the Hoke line for hydraulic 
and pneumatic equipment; 
forinstrument panel ortest 
stand use; for pilot plants 
- - » Forged needie vaives 
(like the one shown), bar 
stock valves, packless 
valves and toggle valves. 
May we send you acatalog? 








ELGI N can mass produce your miniaturized assemblies at lower cost 
As more companies plan for miniaturized production they encounter the problem of handling 
small parts efficiently. Many leading producers solve this difficulty by letting Elgin “thread 
the needle” for them. Elgin has the broad experience and specialized facilities to produce small 
assemblies in volume at lower cost. After all, miniaturization has been our business for years. 


Read about Elgin’s “Practical Miniaturization.” Our booklet tells how Elgin 


has helped others . . . how Elgin can help you. Write today for your copy. i ee 


ELGIN NATIONAL WATCH COMPANY 


MICRONICS DIVISION e ELGIN, ILLINOIS 
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INSTRUMENTS 
AUTOMATION 


Letters 
to the editor 





REACTIONS TO OUR NOVEMBER, 


1956 EDITORIAL: 


Editor, I&A: 


Your November 1956 editorial 
“The Effect of Automation on Pro- 
ductivity” is of special interest to 
me, for it helps me understand the 
potentials of my area of automation 
—computer control. I had not here-to- 
fore differentiated between produc- 
tivity, production, and economy. Now 
I see that the strong point of the 
computer control systems we work 
with and advocate, is that they make 
possible increased productivity, and 
that a continual increase in produc- 
tivity is necessary, for competitive 
purposes. Whether increased produc- 
tivity is used to increase production, 
depends on the market, not on the 
methods of attaining the productivity, 
such as automation or computer con- 
trol. 

The commonly voiced fear that 
automation (which is merely a means 
to increase productivity) may im- 
pair the national economy is illogical, 
for if it were true, then logically a 
reduction in productivity (such as by 
elimination of all mechanization) 
would improve our economy! Can 
anyone accept this absurdity? 

I go along with your editorial that 
automation greatly affects productiv- 
ity, (which is the production accom- 
plished per unit amount of human 
effort or mechanical energy and 
equipment, and connotes efficiency). 
I also agree that automation has no 
direct effect on production, for pro- 
duction is paced by the market, the 
demand for the product, not by the 
effectiveness of the processes. Auto- 
mation, an agent of productivity, is 
merely one element of the complex 
economy we live in, and can only 
have a minor, indirect effect on the 
economy. Automation can bring 
about neither doom, nor Utopia. 

George H. Amber 
Amber Brothers, Inc. 
Consultants 


Editor, I&A: 

My reaction to your editorial can 
be very quickly and succinctly stated 
in that “IT could not disagree 
more.” 


Robert T. Sheen 
Milton Roy Company 


Editor, I&A: 


Both as President of Brown in- 
struments Division of Honeywell and 
as President of SAMA it has been 
my feeling that automation has been 
a much abused subject—at least in- 
sofar as instruments are concerned. 
There are so many definitions, so 
many phases and kinds of automa- 
tion in various people’s minds that it 
is certainly not well understood in 
industry, let alone by the general 
public. We have had it abused by the 
public press; we have hade it used 
by labor as a club to help promote 
the guaranteed annual wage, and as 
you say it has been a glamour sub- 
ject for conferences and conventions, 
trade associations and Congressional 
committees. 

No one is more anxious than I to 
promote the welfare of the instru- 
ment industry, for our company stake 
is very great in it. I have tried to 
talk on this subject in a factual and 
down-to-earth fashion, pointing out 
particularly that hard facts and eco- 
nomics would largerly govern the 
speed and extent to which automation 
in any field progresses. I have great 
hopes for the future of instrumenta- 
tion and even other forms of what is 
classified under the heading of auto- 
mation—but I agree with you, we 
do no service to our industry by 
over-selling it in any place, and in 
particular before Congressional com- 
mittees. 

I think you are doing a good serv- 
ice to the industry in the editorial 
approach you have taken. 


H. F. Dever 
Brown Instruments Div., 
Minneapolis-Honeywell Reg. Co. 


Editor, I&A: 

I’ve read your editorial | Effects of 
Automation on the Economy] and 
like it very much. Your distinction 
between the words “productivity” 
and “production” is interesting and 
sound. 

I’m sorry that the I.S.A. group 
which discussed automation with the 
Patman Committee in Washington 
did not have the opportunity to read 
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your editorial before presenting their 
arguments to the committee. 

R. A. Bristol 

The Foxboro Co. 


Editor, I&A: 


I am enclosing a copy of the testi- 
mony I gave on December 13th be- 
fore Representative Patman’s Com- 
mittee. 

I found your editorial “The Effect 
of Automation” very interesting. It 
summarizes nicely the impact of au- 
tomation on the entire economic 
structure. | do not know, however. 
if | would agree with some of the 
generalizations. Regarding these, | 
have the following comments: 

1. I do not see how the instrument 
industry is falling into a trap that 
portends anything dangerous because 
we are giving publicity to “the effect 
of automation on our economy.” Nor 
do I agree “that every word spoken 
on this subject implies that automa- 
tion can cause or harm—the eco- 
nomic health,” etc. In fact, I think 
the Congressional Investigation has 
been a most wholesome one, and [| 
also think that the Congressional 
Committee should be complimented 
on the objectivity with which they 
approached the problem and on the 
conservatism expressed in their con- 
clusions. 

2. Everyone, including me, agreed 
that the effect of automation on the 
economy was going to be very favor- 
able. It raises our standard of living, 
and I think the hearings brought out 
that everyone wants more automa- 
tion. including labor. 

3. The labor organizations agree 
that the overall effect of automation 
is favorable but that it will cause 
local disturbances of a temporary na- 
ture; and all they ask, frankly, is 
that collective bargaining means be 
set up to make sure that people who 
are displaced get a chance to find 
another job or get the right kind of 
training for the new jobs that are 
made available. 

In conclusion, therefore, while | 
agree with your excellent points on 
productivity and production, I can’t 
see where open discussion on such 
a high level can possibly do anything 
but good. That’s the democratic proc- 
ess, and if we try to squelch the dis- 
cussion, then we are likely to raise 
suspicions in the minds of labor and 
government. 


A. F. Sperry 
Panellit, Inc. 


Agreed—All will be well—as long as 
times are good and jobs plentiful, But will 





everybody be so gentle with us when the 
labor market changes? Have they not al- 
ready been successful in placing us on the 
defensive? Do we really explain our effect 
on the economy by saying “it will be 
good"? Would it not be better to answer 
by asking the question—what factors do 
affect the economy? 

Of course discussion must not be 
squelched. But we think discussion of the 
effect of any variable on the economy must 
begin with an analysis of just what does af- 
fect the economy—and in some order of im- 
portance. It is possible that automation 
would be at the bottom of a long list of 
economic factors—if it appeared on such a 
list at all. Without such a listing of factors, 
there is no framework within which to eval- 
uate the excellent testimony offered by our 
industry spokesmen. 

Final point: History shows that the first 
casualties when economic trouble occurs are 
objectivity and conservatism, as Mr. Silvey 
points out in the next “letter to the editor." 


Editor, 1&A: 

I react to your excellent and tightly 
reasoned editorial in the November 
issue with its graphic triple headline. 
You make a most interesting chal- 
lenge within the limits you set your- 
self. You are performing a splendid 
service to the instrument industry 
with your call to note that society 
could react in a blindly dangerous 
way in certain circumstances. We are 
a long ways from Salem’s witch- 
burning, but not too deep beneath our 
mid-20th-century surface there are 
still some savage impulses. | want no 
burning of instrument men, or their 
products! We may have to struggle 
harder to use this heritage of won- 
derful instruments in more civilized 
ways. 

But we of the labor unions have 
to point to both productivity and 
production. In recent published works 
| have prognosticated the agricul- 
tural situation to manufacturing .. . 
I have cited that any long and sad 
experience with so-called “surplus” 
food items is such a tying together 
of twins, which you are striving to 
sever. 

Ted F. Silvey 
National AFL-CIO 
Department of Education 


Washington, D. C. 


Editor, I&A: 

The editorial from the November 
1956 Instruments and Automation 
quite thoroughly misses the mark. 

In quoting from Mr. Greenburg’s 
speech where you remark about “the 
presence of some other factors with 
an almost relentless influence” and 
then your repeated use of this word 
“relentless” shows that the public’s 
apprehension about automation is far 
from understood, 

Automation as a verbalism has 
received a great deal of special pub- 
licity from Instruments Publishing 
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MIL-R-93A RESISTORS 
. +. for 85°C 
ambients 


MIL-R-9444 RESISTORS 
oo « for 125°C 
ambients 


This is your invitation to test and compare Shallcross pre- 
cision resistors for that elusive quality known as reliability. 

Statisticians tell us that component reliability and, sub- 
sequently, equipment reliability, can be predicted on a 
sound mathematical basis—assuming that environment is 
correctly predicted. 

Unfortunately, most equipment manufacturers have di- 
vergent ideas of what component environments should be. 
Thus there are just as many interpretations of what consti- 
tutes a reliable component. In the absence of a common 
gage for reliability, Shallcross welcomes the opportunity of 
working with the standards and components groups now 
being established by many equipment manufacturers. 

To save valuable testing time, Shallcross can supply 
qualified recipients with complete test data that shows to 
what extent MIL-R-93A is met or exceeded for any of eleven 
resistor styles. Data is also available on four of twelve Shall- 
cross styles conforming to the 125°C MIL-R-9444 Specifica- 
tion. Data on remaining styles will be available as scon as 
testing is completed. 

Details on Shallcross resistors designed to MIL Specifica- 
tions as well as helpful application notes on encapsulated 
precision wirewound resistors “are contained in newly- 
released Supplement to Bulletin L-30, For your copy write: 
SHALLCROSS MANUFACTURING CO., 51¢ Pusey Ave., 
Collingdale, Pennsylvania. 
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Company among others. The public 
has been lead to believe that “auto- 
mation” is all that the pseudo science 
writers describe it as meaning . 
Rather than going into this further 
here, may I refer you to the recent 
paper by Mr. Bright of the Harvard 
School of Business Administration 
on “Myths and Fallacies of Automa- 
tion.” 

The public is apprehensive of the 
tremendous uncomprehensible forces 
that could control our economy in a 
“relentless” fashion if “automation” 
were what magazines such as yours 
imply it to be... If instead of talk- 
ing science fiction, our magazines 
were to print more reality about 
“automation” the public would no 
longer feel the oppression of this 
“relentless” effect on our economy. 


This is a psychosomatic problem that 
seems to have completely escaped the 
scope of the editorial. 


Frank H. Rockett 


Airpax Products Co. 


Mr. Bright's comments on "Myths of Au- 
tomation" are published in this issue. The 
theme of our editorial comment was to de- 
plore public discussion of "The Economic 
Implications of Automation"’ because we 
are so very aware of the psychological fac- 
tors involved—nor do we ever spend valu- 
able editorial space on the science fiction 
aspects of automation, manless factories, 
etc. We feel like we are being confused 
with other publications. 


Editor, I&A: 

It was with a great deal of inter- 
est that I read the editorial comment 
on the subject of automation, and I 
can but agree that there is a great 
deal of confusion as concerning pro- 
duction and productivity. 

It would seem to this writer that 
a much greater effort could be made 
to get across a clearer concept of au- 
tomation, especially to the vast ma- 
jority of readers who are neither en- 
gineers nor instrument people. In the 
great many contacts that I have had 
the feeling always seems to be that 
automation “replaces” workers and 
this always leads to a channeled dis- 
cussion which has nothing at all to 
do with the subject itself. 

am passing it (the editorial) 
along to other interested people. 


William N. Hesketh 
The Haloid Co. 


Editor, I&A: 


You are to be congratulated on 
getting down to bedrock on the cur- 
rent discussions regarding the effect 
of automation on the economy [in 
your editorial “The Effect of Auto- 
mation on The Economy”). 


I have never been greatly im- 
pressed by the congressional investi- 
gations that have been held, as they 
always seem to fall short of their 
goal. In my opinion, our industry is 
capable of getting much better an- 
swers than government investigations 
will ever get. 

In order to avoid more damaging 
discussions that are bound to come 
up on the subject, I suggest that you 
use larger italics in your comments 
to impress people more strongly. 
Please see that your editorial reaches 
a much larger list than your normal 
circulation would reach. 

Keep pounding away on this. We 
agree with your thinking one-hun- 
dred percent. 


Fred A. Lennon 
Crawford Fitting Co. 


Editor, 1&A: 


It would seem that automation has 
come of age, since it is apparently 
now to be classed in the congressional 
mind along with “interests” and other 
similar phrases . . . to be trotted out 
regularly when a politician feels he 
needs some kind of a medicine rattle 
to shake and to put across a par- 
ticular purpose. 


W. A. Kates 
The W. A. Kates Co. 


Editor, I&A: 


We agree fully with your editorial 
about Congressional investigations of 
automation, and we should beware 
of such trends. 

However, can it possibly be likened 
to the hue and cry of a couple of dec- 
ades ago about technocracy, because 
the average congressman probably 
knows nothing about automation? 


Ernest E. Olds 
Size Control Co. 


Editor, I&A: 
Your editorial [The Effect of Auto- 


mation on The Economy] is very in- 
teresting. I believe the general think- 
ing in our field, and certainly within 
our own company, would agree with 
you that Automation certainly does 
not threaten the economic health of 
our country. Automation, by improv- 
ing productivity, actually should in 
the long run contribute to the well- 
being of this nation. 


S. E. Voran 
The Parker Appliance Co. 
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Editor, I&A: 


Pursuant to your editorial on the 
Wright Patman Congressional Com- 
mittee and its looking into automa- 
tion, my comment is that someone 
tell Mr. Patman that he look regu- 
larly at automation to see whether it 
is being consummated speedily 
enough. With the known race between 
Russia and the United States for in- 
dustrial productivity, the only solu- 
tion for the United States staying 
ahead in this race is increasing use 
of automation and automatic control 
throughout American industry. Thus. 
far from it being a menace to our 
economic health, it is in reality a 
“must.” In other words, something 
that American industry must do; it 
has no choice in the matter. Russia 
is already stealing ahead. 

Possibly some publicity via TV. 
radio, newspapers, etc. along the lines 
of an editorial approach would be 
most helpful. Possibly member com- 
panies of the instrument and control 
fraternities could contribute finan- 
cially toward the execution of such a 
program. Somebody, you, SAMA, the 
ISA, should launch such a program. 


C. C. Roberts 
Askania Regulator Co. 


Editor, I&A: 

My fear is that the term “automa- 
tion,” through the efforts of writers 
more concerned with sensational stor- 
ies and the salability of their copy. 
may, for somewhat the same reasons, 
suffer as did “efficiency engineer- 
ing” in the late teens and early twen- 
ties. 

While this may not qualify as news 
to those as informed and as alert as 
are you and your associates, | men- 
tion it with the thought that some- 
time soon it may be feasible for you, 
as publishers, to inaugurate a move- 
ment that would rally those who are 
seriously interested in instrumenta- 
tion in a campaign to preserve “auto- 
mation” from both adverse legisla- 
tion and public disfavor. 


George W. Kelsey 
B-1-F Industries, Inc. 


The dilemma is how to "campaign" 
and what issues to select. Should unemploy- 
ment ever become a national problem, what 
would be the end result of a national 
campaign dedicated to the proposition 
that automation creates jobs? Nor is the 
answer silence. Our industry now has a 
vested interest in proving—by systems anal- 
ysis—just what economic factors enter into 
the closed-loop economic state, including 
the amount and type of feedback necessary 
to maintain economic health and stability. 





HOW TO SAVE TIME AND MONEY 
ON COMPLETE BELLOWS ASSEMBLIES 


No matter why or how the bellows specifications. In doing this Fulton 
principle enters into an assembly, Fulton Sylphon offers important design help, 
Sylphon can assemble the right bellows specialized skill in joining bellows with 
and related accessories or mountings other members, and modern production 


into a complete device that meets your facilities for on-time deliveries. 


BELLOWS FOR INSTRUMENT ASSEMBLIES 


are available with diameters, lengths, strokes, spring rates, 
metals and charges to provide a wide range of movements 
in high or low pressure systems. In all applications the 
exclusive Sylphon® bellows assures continuing accuracy 
and safety of operation. For one thing, cold-working pro- 
duction methods give it maximum resiliency for withstand- 
ing repeated cycling. In addition, its seamless design and 
the availability of multiple plies enable the Sylphon bellows 
to better resist pressure and other conditions. 


0 
Send for a 


ji ae ait Kohertshaw Fultow 
anne ee 


FULTON SYLPHON DIVISION, Knoxville 1, Tenn 
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- GIANT 


TIDEWATER REFINERY 


PROTECTED 


by Consolidated Safety 
Relief Valves 


way 






The world’s most modern refin- 
ery will soon go on stream. It is 
the gigantic Delaware Flying A 
Refinery of the Tidewater Oil 
Company just 15 miles south of 
Wilmington. C. F. Braun & Co., 
engineering contractors, built the 
new plant on the 5000-acre site. 
4 Many of the processing units are 
unequalled for size and capacity 
anywhere. In around-the-clock 
operation, 130,000 barrels of 
crude of any kind can be processed daily. Tide- 
water engineers incorporated the most advanced 
design and equipment to provide the greatest 
flexibility, economy and safety. 











Consolidated Safety Relief Valves are “sentinels 
of safety”’ in this mammoth “refinery of the 
future’’. Peak performance and consistently 
positive valve action are assured even where dis- 
charge lines are long or there is low “superim- 
posed”’ back pressure in the relieving system. 
They provide the absolute protection so vital in 


SAFETY 
RELIEF 





petroleum processing and on product storage 
facilities. 


Wherever Consolidated Safety Relief Valves are 
used, flexibility of application greatly reduces in- 
ventory costs. They are ‘2 in 1” valves. Inter- 
changeability is so highly perfected that you can 
convert the Standard type to the Balanced Bel- 
lows Seal type in the field simply by installing a 
stainless steel sealing bellows. You can readily 
interchange these valves with those of other 
manufacturers: inlet and outlet center-to-face 
dimensions are standardized. Consolidated Safety 
Relief Valves also have fewer functional parts 
than comparable valves. The seating surface is 
optically-ground flat. From every standpoint, you 
can count on lower inventory costs and easy 
maintenance. 


Write for fuli details about the complete relia- 
bility and all-around economy of Consolidated 
Safety Relief Valves. Both Standard and Bellows 
type are available in sizes and pressures to meet 
requirements today and tomorrow. Ask for Cata- 
log 1900. 





CERTIFIED AND APPROVED. Both Standard and Bellows Valves are approved under API-ASME and ASME Unfired Pressure Vessel Codes 
and are certified by the National Board of Boiler and Pressure Vessel Inspectors. 
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Tidewater Oil Company’s “refinery of the future” has required nearly 7000 men in its c 


by the 500-foot high power station stack at the extreme left. To the right of the stack are, in order, the fluid coker, the sulphur recovery plant, the crude 


unit, the Orthoflow fluid catalytic cracker and other processing units. The Delaware Flying A Refinery’s 7,000,000 barrel capacity “tank farm’ is in the 
background. The refinery’s processing units occupy 450 acres of the 5,000-acre site. 


Eats 4 


v 


ie = ; ; . ri, 
The Orthoflow catalytic cracker—the world’s largest, with a daily capacity Consolidated Safety Relief Valves also stand guard atop the propane 
of 102,000 barrels—is equipped with Consolidated Safety Relief Valves. storage bullets at Tidewater’s Delaware Flying A Refinery. 


a propuct or MANNING, MAXWELL & MOORE, INC. 


TULSA, OKLAHOMA 


mai MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF 
AN VALVES, ‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn., ‘HANCOCK’ VALVES, 
IM Watertown, Mass., ‘CONSOLIDATED’ SAFETY RELIEF VALVES, Tulsa, Oklo., AIRCRAFT CONTROL PRODUCTS, Danbury & 


MANNING 


Stratford, Conn. and Inglewood, Calif., “SHAW-BOX” AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
Muskegon, Mich. In Canada: Manning, Maxwell & Moore of Canada, lid., Galt, Ontario. 
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Weare, PORTABLE, MULTI-FUNCTION INSTRUMENT 


THE LEWIS PORTABLE 
TEST POTENTIOMETER 


for Service Testing Exhaust Temperature Measuring Systems 
Developed for use by field service engineers of a leading engine manu- 
facturer, the Model 13P05 Test Potentiometer has proven its serviceability 
in desert heat and arctic cold at maintenance bases on many points of 


the globe. 


| INSTRUMENTS 
IN ONE! 








Model 13P05 


For dependable maintenance, use test equipment 
made by the manufacturer of the components to be 


checked. J | ; \ 


A PYROMETER-POTENTIOMETER 
for measuring exhaust thermocouple tempera- 
tures that is truly portable with a sturdy pivoted 
galvanometer and without a standard cell. 
Accurate automatic electrically operated cold 
junction compensation permits this instrument 
to be used in ambient temperatures from be- 
low freezing to plus 120°F. Mirror scales with 
precise hand-drawn graduations and knife 
edge pointers insure accurate readings from 
zero to 1000 degrees Centigrade. 


A LOW RANGE OHM-METER 
with a widely spaced, hand drawn scale for 
checking the resistance of leads, thermo- 
couples and balancing resistors to insure cor- 
rect adjustment to match external resistance 
requirements of exhaust temperature indica- 
tors, either eight or twenty-two ohms. 


A KILO-OHM METER, 

energized by a 671 volt battery for checking 
insulation resistance of lead-wires and thermo- 
couples. Due to the potential applied, this 
circuit is more effective in detecting flaws 
than conventional ohm meters. A hand-drawn 
scale is clearly marked in kilo ohms resistance. 


A THERMOMETER TESTER 

for precise scale error checks of exhaust tem- 
perature indicators having either eight or 
twenty-two ohms external resistance. A con- 
trolled power supply energizes the indicator 
under test, through the correct series resist- 
ance, and the zero to 1000°C temperature 
scale is used as a reference standard. Recom- 
mended for use in adjusting exhaust indicators 
in accordance with ambient te~., erature, with 
power applied for 700°C, through the proper 
resistance. A liquid-in-glass thermometer and 
flexible test leads are supplied with each in- 
strument, 


IS ENGINEERING Co. 


NAUGATUCK, CONNECTICUT 
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INSTRUMENTS 
and 
AUTOMATION Trends 





Sales of closed-circuit IV is estimated for 1956 at $6 million 
by F. P. Barnes, marketing manager, G-E; but sales are expected 
to reach $75 million within 10 years. 








Transistor production was 3 million units in 1955; 13 million 
units in 1956; is expected to reach 30 million units in 1957. 





1957 preview by L. B. Davis of GE Electronic Components Div.: 
Semiconductor sales should double their 1956 volume of $352 million, 
with largest growth in computers. 

Receiving-tube industry should reach $400 million, with $3500 million 
commercial and $100 million industrial and military. 

Largest expansion-industrial and military. 

Power tubes should increase 10% due to automation, plant expansion, do- 
mestic cooking and industrial heating. 

Increases will occur in printed wire boards, encapsulated assemblies, 


leadless ceramic capacitors, etc. 




















Air-to-air guided missile "Sidewinder," employing heat-seeking 
(infrared) guidance, is now in operational use in both Medi- 
terranean and the Western Pacific. 





1954 Census of Business reports that there were 10,159 estab- 
lishments in the U.S. at the end of 1954 engaged in industrial 
machinery, equipment, and supplies, with sales of $4.6 billion, 
up 55.6% since 1948. 











The 35,000-member American Society of Tool Engineers (ASTE) came 
up with interesting statistics on Where do Engineers Work in Industry. 
Results shown in charts are averages from 
surveys conducted among alumni (1950-52) of insite 
mechanical and industrial engineering 
classes at 5 well-known universities; con- Administration Alumni Survey 
firmation was sought in an industry survey Pete etry yao 
of more than 1000 
etic: danias companies for the 
"ae same type of em- 
ployees. Both 
surveys show a 
predominance in 
demand for manu- 
facturing activ- 
ities. 
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NEW —- UNIVERSAL CABINET 


The above unit is 
our Type "PR" (with 
rear door only) “Uni- 
versal Cabinet Rack.” 
Type “FR” (shown 
with detachable side 
panels offixed) has 
both front and rear 
doors. 


a 


























WITH OPEN SIDES AND 
DETACHABLE SIDE PANELS 


TO GROWTH 
REQUIREMENTS 


PAR-METAL Types “PR” and 
“FR” Universal* Cabinet Racks 
are made with Detachable Side 
Panels in order to assure flexi- 
bility for your future needs. 


Because these are STANDARD 
UNITS, you get custom-quality 
at economical cost. They may 
be used sing/y or in a group ar- 
rangement. 


Made in these dimensions: 


Heights: 48!.",67°.",76!." and 834”. 
Depths: 18” and 24”. 
Panel Widths: 19” and 24”. 


Built for Dependable Service 


While incorporating new features of versa- 
tile assembly, there has been no sacrifice of 
structural rigidity. ALL PAR-METAL 
RACKS are substantially welded and rein- 
forced for diversified industrial use. 


STANDARD ACCESSORIES: Vertical Side 
Supports, Sliding Shelves, Rack Mounting 
Chasses, Bases, Roller Trucks, etc., are avail- 
able as standard equipment. 





The assembly of 5 racks shown at left has 4 Type **FR” and 1 Type 

“PR” rack. Equal height racks may be intermixed with 19” and 
24” wide panels. The end panels of the assembly have the detach- 
able sides installed. They are quickly removable. 


* Universal Cabinet Recks are also available with fixed side panels. 





tats, 
‘og 


1) PAR- METAL PRODUCTS CORP. 


Metal Housings for Electronic Apparatus 
32-54 49th Street e Long Island City 3, N. Y. 
Mail this coupon for our Latest Catalog today. 


Par-Metal Products Corp. 

32-54 49th St., L.1.C. 3, N.Y. 

We are interested in “Universal Cabinet Racks.” 
( ) Mail a copy of your latest catalog to:— 
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These inquiries, representing problems tac- 
ing readers of Instruments & Automation, are 
published as a free service to our readers. 


High Speed Solenoid 
Engineer of plywood manufacturing 
company seeks “high speed solenoid 
strong enough to activate a small saw 
of the saber saw type with probably 
145” stroke” and with 3 to 5 thousand 


strokes per minute. A-192 


Repeating Cycle Timer 
; Maintenance engineer is interested 
in bids for an automatic repeating 
cycle timer. A-193 
Automatic Sampler 
Engineer in oil refinery seeks ad- 
dresses of manufacturers of an auto- 
matic sampling device for natural 


gasoline plant product with from 50 
to 80 psig vapor pressure. A-194 
Telescriber 
Purchasing superintendent in chem- 
ical company seeks “Telescriber” such 
as the Telautograph. A-195 


Surface Temperature 


Measurement 


European manufacturer of steel 
tubes requires pyrometer to measure 
surface temperature (approx. 1400°C) 
of steel tubing, 4” to 4”, along joint. 
Tubing is fabricated from strip with 
the two edges electrically heated in 
a zone 2 to 3 mm wide, and pressed 
together after temperature measure- 
ment. A-196 


Moisture in Tale 
Quality control engineer of ceramics 
manufacturer seeks instrument to de- 
termine moisture content of tale with 
%% accuracy. Range: % to 20% 
A- 197 


Helmholtz Coil 
Alaskan manufacturer seeks infor- 
mation on “manufacture and circuitry 
of a Helmholtz coil for testing mag- 
netic-flux valves by creating a vari- 
able magnetic field about the instru- 
ment”. A-198 


Automatic Hole Gaging 


Plant Engineer of wire die manu- 
facturer wishes contact with company 
that can supply gage for automatical- 
ly measuring hole size in diamond die 
with accuracy of 0.0001”. Hole sizes 
vary from 0.0004” to 0.075”. A-199 


High-Power Servo 


Superintendent of testing depart- 
ment of electric manufacturing plant 
seeks servo system with linear posi- 
tioning response to drive group of di- 
rect-writing oscillograph pens (2 lb), 
having a full travel of 1.5”, at 0 to 200 
eps. Available signal input is 20 watts; 
operating power may be 25 kw. A-200 





Need accurately controlled 


POWER? 


USE KAY LAB ABSOLUTE DC POWER 
SUPPLIES AND METER CALIBRATORS 


=—=STANDARD CELL ACCURACY 


MODEL M100-A20 


=—0O.01% STABILITY 

: KAY LAB’s unique chopper stabilized circuit constantly compares 
= <O.5 MILLIVOLgT RIPPLE the output with an internal standard cell, providing stability, 
accuracy, and dynamic characteristics without equal. Direct read- 
ing calibrated dials provide instant voltage selection. Both cur- 
rent and voltage regulated models available. Ideal wherever a 
general purpose precision voltage or current source independ- 


—<0.2 MILLISEC RESPONSE TIME ent of line or load is required... for laboratory and production 


meter calibration, computer reference, secondary standard, 


— 21 MODELS: O-2000V, 0-2 AMP DC bridge supply, transistor testing, circuit design, nucleonics 


instrumentation, null voltmeter... 


= 0.002% REGULATION 


SPECIFICATION 8 

POWER SUPPLY: Short Time Stability (several hours), +0.005%—Long Time Stability, +0.01% —Output 
Voltage Calibration, +0.02%—Output Impedance, < 0.010 at DC, <0.052 to 200 kc—Output Hum and Noise, 
<0.5 millivolt—Load Regulation Factor, +0.01%—Line Regulation Factor, +0.002%. 


METER CALIBRATOR: Same as Power Supplies with following exceptions for models which go to zero volts: 
Calibration Tolerance, +0.05%—Hum and Noise, < 2 millivolts—Line Regulation Factor, +0.01% of full scale. 


Representatives in all major cities 
Write, wire, phone today for demonstration 


KAY LAB 


5725 KEARNY VILLA ROAD « SAN DIEGO 11, CALIFORNIA «+ BROWNING 7-6700 
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Recognized leaders in analysis 


38-202 Process Refractometer 
Bulletin CEC 1833-X2 


The science of qualitative and quantitative analysis by 
mass spectrometry was pioneered and developed by 
Consolidated Electrodynamics Corporation. CEC’s 
21-103C Mass Spectrometer analyzes complex mix- 
tures at unequalled speed and accuracy. Its extreme 
sensitivity (1/1000 mol per cent) plus wide range 


(from mass 2 to mass 700) offers maximum versa- 
tility. The compact 21-620, utilizing the “Cycloidal CEC’s vapor-phase Chromatograph provides fast, 


Focusing” principle, is ideal for accurate readings from accurate analysis of almost any mixture, including 
mass 2 to mass 150. CEC’s mass- liquids with boiling points as high as 325° C. Its ex- 
spectrometer-type leak detectors find clusive heated sampling valve gives superior repro- 
use in hundreds of industrial appli- ducibility by eliminating both operator error and 
cations. The 24-110 Leak Detector sample contamination. For sulfur-compound detec- 
registers trace quantities of helium tion, CEC’s Titrilogs are highly sensitive, offer a wide 
as small as one part in two million range and instantaneous response. Both the stationary 
parts of air, and the low-cost portable and portable models report sulfur-compound concen- 
24-210 detects one part of helium in trations as low as 0.1 ppm or 0.005 grains per 


300,000 parts of air. 100 cubic feet. 
24-210 Leak Detector 26-103 Titrilog 
Bulletin CEC 1830-X14 Bulletin CEC 1810-X10 


24-110 Leak Detector 
Bulletin CEC 1838-X6 








21-620 Mass Spectrometer 
Bulletin CEC 1824-X9 


21-103C Mass Spectrometer 
Bulletin CEC 1800-X23 
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and process control coneciidsicd 


26-201 Chromatograph 
Bulletin CEC 1831-X13 
‘ ge ae 26-202 
' Process Chromatograph 
Bulletin CEC 1836-X2 


Custom engineered for the petroleum and chemical 
industries, the Consolidated-Philips Process Refrac- 
tometer measures the difference between a liquid 
standard and a liquid sample from a process line. This 
explosion-proof, dependable unit quickly pays for itself 
through increased product yield and product quality. 
CEC’s new Moisture Monitor gives accurate measure- 
ments down to one part per million of moisture present 
in gaseous mixtures. Equipped with an adjustable and 
accurate flow regulator and a meter calibrated in ppm, 
the 26-301 permits precise readings from 0 to 1000 
ppm by means of a 5-step attenuator. 


26-301 Moisture Monitor 
Bulletin CEC 1834-X9 


For complete information—applications, specifications 
and features—please write for the specific Bulletins 
listed in this advertisement ... or contact your nearby 
CEC field office. Your best investment for product 
improvement is a Consolidated instrument. 


Consolidated Electrodynamics 


(cec) 300 North Sierra Madre Villa, Pasadena, California 


NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES 
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HALIFAX, NOVA SCOTIA 


COAST-TO-COAST 
FIELD SERVICE 


WOUANAPOLIS, NO. —@ CoLuMBUS, omo 


© concomman, ome 


TULSA. OKLAHOMA 
* 


WHEN YOU BUY 


Bristol Instruments 


Here’s how Bristol can help you with an 
integrated, nationwide service organization 


FACTORY REPAIRS AND SERVICE are available on Bristol instruments EDUCATION FOR AUTOMATION. Instruction is offered in THe Bris- 
at San Francisco, Los Angeles, Chicago, Houston, and Toronto, TOL INSTRUMENTATION ScHoot for customers’ engineers and 
as well as at Waterbury. Each reconditioned instrument carries technicians on latest techniques in instrumentation. Widely at- 
a “new” guarantee. tended, too, by professors from the leading technical schools. 
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1. FIELD ENGINEERING. Bristol field engineers are 
ready to serve you from offices located throughout the 
United States and Canada. Years of training and experience 
in applying instruments in all types of plants enable them 
to recommend the equipment best suited for your job. They 
call at your plant, without obligation or cost, to assist you in 
planning proposed instrument installations. 


2. APPLICATION ENGINEERING. Our application 
engineering department includes specialists in every type of 
measuring or controlling instrument. These men are com- 
pletely familiar with the abilities, limitations, and acces- 
sories of their particular specialty. And they know the meth- 
ods of installation and operation that assure the best possible 


performance. 


3. PROCESS SPECIALISTS. Process instrument experts, 
each a specialist in a particular industry, are ready to advise 
you on up-to-the-minute instrument systems for tough or 
unusual processes. Their correctly planned installations and 
accurately specified instruments save delivery and installa- 
tion time and make for successful operation. 


4. FIELD CHECK-UP SERVICE. A nation-wide staff of 
factory-trained, widely experienced Bristol service engineers 
gives you personal assistance in servicing your Bristol instru- 
ments. For a reasonable rate, they install, check, adjust, and 
inspect Bristol instruments in your plant. They are available 
on short notice—often within a few hours. Regardless of your 
location, Bristol service is “on call” at any time to help you 
get the most out of your Bristol instruments. 


5. PERIODIC CHECK-UP SERVICE. A systematic plan 
of preventive maintenance and repair is available to users 
of Bristol instruments to keep their equipment in good oper- 
ating condition. In this plan, a Bristol Service Engineer calls 
at regular intervals to inspect the instruments and make 
minor repairs before serious wear or damage can take place. 
These preventive measures guard against breakdowns at 
critical periods. 


6. FACTORY REPAIR SERVICE. Factory repair facili- 
ties at San Francisco, Los Angeles, Chicago, Houston, Water- 
bury, and Toronto are available to repair, recondition and 
remodel Bristol instruments. All phases of fabricating, test- 
ing, calibrating, repairing, and remodeling Bristol instru- 
ments are performed at these branch factories by trained 
workmen, experts through years of experience in our pro- 
duction methods. Only genuine Bristol parts are used. Each 
instrument reconditioned in any branch factory carries a 


new instrument warranty. 


7. FAST PARTS SERVICE. Service parts, such as may be 
needed in emergencies, are stocked by our branch offices. 
Everything possible is done to ship service parts and acces- 
sories promptly. 


These big extras you get with Bristol instruments are good rea- 
sons—over and above outstanding basic instrument quality — why 
every Bristol installation gives such high accuracy and precision 
performance over an extremely long service life. When you buy 
Bristol instruments you can get service when you want it, regardless 
of where you are located. To find out more about Bristol instruments 
or service, write: The Bristol Company, 113 Bristol Road, Waterbury, 


Connecticut. 6.75 





Absolute pressure gauges Electric recorders 


Air-operated controllers Electrolysis survey recorders 
Automatic control instruments Electronic bridge instruments 
Barometers Electronic potentiometers 

Flow meters — Mechanical and 


Electric 


Bridge instruments 


Combustion safeguards — electronic 
— Pyrotrol Gauges— pressure, vacuum, draft, 


Coordinated process control — absolute pressure, liquid level 


Process automation Humidity controllers and recorders 


Cycle controllers Liquid level gauges 


& WRITE FOR BRISTOL TECHNICAL DATA-— reputed to be the most outstanding present-day source of Instru- 


ment Engineering Data on the following subjects : 


Recorder charts 





Mat +, 
ve 


* Telemeters 
Motion, operation, running-count 
and running-time recorders 


Resistance thermometers 
Smoke density recorders 


Production recorders Specific gravity instruments 


pH control instruments 


Pneumatic transmission systems; 
Metagraphic and Metavane * 


Potentiometers, electronic 
Pressure and vacuum gauges 


Process control instrumentation 


Speed recorders 
Telemetering instruments 


Thermocouples, pyrometer tubes 
and accessories 


Thermometers 


Time-program controllers 


Draft gauges Load totalizing with Thermoverter* Pyrometers Vaives, automatic 


‘. 


*T.M. Reg. U. S. Pat. Off. 


= 





Ask for information on the subject of interest to you. We'll be glad to send it. 


BRISTOL 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING 
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TRAIL-BLAZERS 
IN PROCESS AUTOMATION 


INSTRUMENTS 





Compact 
amplifier-voltmeter 
with millivolt 
sensitivity 


Type 346 double-duty meter instrument. 
Serves simultaneously as vacuum tube volt- 
meter and highly sensitive a-c voltage 
amplifier. 

METER RANGES: 0.001, 0.003, 0.01, 0.03, 0.1, 
0.3, 1.0, 3.0, 10.0, 30.0, 100.0, and 300.0 volts 
full scale. ACCURACY: +3%, 20 cps to 1 mc, 
+5%, 10 cps to 2 mc. STABILITY: +1% at 
any line voltage between 105 and 130 volts ac. 
INPUT IMPEDANCE: 10 megohms — shunted by 
24 uuf, AMPLIFIER: Maximum voltage gain 1000; 
maximum output voltage 1 volt. OUTPUT IMPED- 
ANCE: 600 ohms resistive. HUM AND NOISE: 
One minor division max. OVERLOAD: Automatic 
overload protection. POWER REQUIREMENTS: 
117 volts + 10%, 50-400 cps 40 watts. SCALE: 
liluminated 41%” damped meter movement. 
DIMENSIONS: 612” high, 4%” wide; and 71” 
deep overall. Weight: 642 Ibs. 


PRICE $200 , 





High frequency 
extended range 
oscillator 





Type 347 extended range oscillator featur- 
ing extended high frequency range, low 
waveform distortion, constant level output 
and remarkably small physical size. 


FREQUENCY RANGE: 18 cycles to 1.1 mc in five 
overlapping ranges. DISTORTION: Total harmonic 
distortion of waveform less than 2/10 percent 
when operated into 10K ohms or higher load. 
CONSTANT OUTPUT: Output voltage constant to 
within + % db from 18 cps to 200 kc for any 
output over 0.1 volt. High range +2 db. OUT- 
PUT LEVEL: 10 volts open circuit. Maximum load 
current: 4 ma. rms. OUTPUT CONTROL: Logarith- 
mic contro! calibrated in volts. INTERNAL IM- 
PEDANCE: Approximately 400 ohms. CALIBRA- 
TION ACCURACY: + 2% (+1 cycle) from 18 cps 
to 210 kc, +10% to 1.1 mc. STABILITY: 
+ 0.3% for line voltage range of 105 to 130 
volts, and +0.5% for temperature range of 0 
to 50°C. HUM AND NOISE LEVEL: 3.0 Millivolts 
or, 60 db below output signals, whichever is 
greater. DIMENSIONS: 61/2” high, 412” wide, 6” 
deep overall. Weight: 6 Ibs. 


nce 150° 


ORMA 


Low-distortion, 
wide-band 
bridge type 

signal generator 


NCE 





PACKAGES 


Type 348 signal generator provides low distortion 
sinewave signals between the frequencies of 0.9 cps 
and 510 ke. Just right for design investigations of 
magnetic amplifiers, servomechanisms, computers and 
general laboratory and field use. 


FREQUENCY CHARACTERISTICS 

RANGES: 0.9 cps to 510 kc in six ranges. STABILITY: +0.5% 
for frequencies up to 100 kc for line-voltage variations 105 
to 130 volts and temperature within 0 to 50°C. CALIBRA- 
TION ACCURACY: +2% (+ cycle) above 10 cps; +5% 
below 10 cps. DISTORTION: Less than 0.1% over most of 
the useable range rising to less than 0.3% at 30 cps. 


AMPLITUDE CHARACTERISTICS 

OUTPUT LEVEL: 50 volts, + 10% 2 watts or 40 ma maximum. 
OUTPUT RANGES: Continuously variable from 0 to 0.05V.; 
0.5 volts; 5.0 volts; 50.0 volts. STABILITY: +0.5 db re- 
ferred to 1 kc over the entire frequency range. OUTPUT 
IMPEDANCE: At the 50 volt output range — 6 ohms in series 
with 1000 microfarad; 5 volt output range—6 ohms in series 
with 1000 uf; 0.5 volt range—55 ohms; 0.05 volt range — 
6.2 ohms. POWER SUPPLY REQUIREMENTS: 117 volts ac, 
+10%; 50-400 cps, 110 watts. Fuse protection; 1.6 am- 
peres, slow-blow. DIMENSIONS: 9-7/8” high, 7-5/16” wide, 
10-11/16” deep overall. Weight: 19 Ibs. 


PRICE $325 ; 


* Price slightly higher in 50 cycle areas. 


| DESIGNS FOR THE TIMES 


Oscilloscopes @ Pulse Generators © Signal Generators @ Vacuum Tube Voltmeters @ Electronic Switches 
Recording Cameras @ !ndustrial Television @ Scanning Systems @ Electronic Components @ Pulse Transformers 
Write For Complete Details 
Technical Sales © ALLEN B. DU MONT LABORATORIES, INC. © Clifton, N.J. 
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Who Put The “P” 


In Pneumatics? 


Panhandle 
Pete 





"The stag at eve had drunk his fill, 
Where danced the moon on Monan's rill, 
And washed his teeth and brushed his hair 
With a great big breath of the fresh 
mountain air." 
Apologies to Sir Walter 


D. your pneumatic controls stink? 
Are you bothered with kruddy air 
that fouls up your working area with 
the odor of burnt oil or old rubber 
boots? Does your shop smell like the 
army had walked through it in their 
bare feet? Does your air remind you 
of eau de stock-yard instead of pine 
needles and new-mown hay? Well. 
relief is in sight and you can jump 
up and down with anticipation. 

According to the abstract which 
has come to my attention, that well- 
known manufacturer of gas analyzers 
and other electronic equipment, the 
Wallace Electronic Service Company 
of New Somerset, Jefferson Co., Ohio. 
is now producing an air purifier, the 
de-P, for industrial use. Under the 
leadership of Dr. Otto U. Alles, Di- 
rector of Research, this problem has 
been researched to hell and gone. 
and two models are offered. Thus a 
new tool is made available to Amer- 
ican industry and I’m sure this is 
welcome news indeed to those of you 
who could use new tools. It goes on 
to say in this abstract that this smelly 
air has been with us since the Greeks 
invented the word ‘pneumaticos’ and 
it has taken some 4,112 years to de- 
velop the de-P filter to do something 
about it. 

These filters, one of them the Mod- 
el L.S. (Little Snort) having a capac- 
ity ranging from zero to 71,210.22 
Std. CFM and the other, the Model 
B.W. (Big Whiff) having a range 
from 71,210.78 to 313,162.56 Std. 
CFM, will cover all air requirements 
—in a steel mill, for instance, from 
the lowly researcher in his secret lab 
trying to de-P air at the rate of one 
bubble per minute to the ravenous 
appetite of the blast furnace. 

Usually plant air comes under the 
direction of the mechanical depart- 
ment, at the head of which is the 
master mechanic or master maniac as 
he is sometimes called. As this fellow 
is usually an elderly man suffering 
from corns, ulcers and acute bilious- 
ness who is short-tempered with your 


plaintive plea that “There must be 
something wrong with your air com- 
pressors; look at ali the oil and crap 
that comes out of the air lines.” it 
goes without saying that this filter 
will remove dirt, oil, water, gum 
boots, shoes, tin cans, bottles and 
other common diluents of plant air— 
and by throwing the easily available 
control knob from ‘Minus’ to ‘Plus’ 
this filter will also add dirt, oil. 
water, gum boots, shoes, tin cans, 
bottles and other common diluents 
to plant air, if you so desire. No other 
filter can make this claim! 

The best part about this filter is 
that after conditioning the air to your 
heart’s desire, another handy knob is 
right there to be pushed and one of 
several exciting scents is added to the 
air stream for best operation of the 
equipment. Among the scents avail- 
able are those old favorites Evening 
in Paris and Chanel Number Five. 
Other popular scents are Two Nights 
in McKeesport, Chanel Two, Chanel 
Three and Chanel Seven, although 
the last one doesn’t always come in 
good. Dr. Alles is presently analyzing 
all processes with the idea of deter- 
mining the optimum scent level for 
minimizing losses. He has found, for 
instance, that blast furnaces do real 
well on the odor of men’s locker 
room at 6 PM, wind tunnels thrive 
on the tangy odor of old sneakers, 
and one line of instruments won't do 
anything extra unless they are fed a 
diet of corned-beef and cabbage odor. 
(This is most peculiar because from 
the prices asked for the instrument 
one would suspect an appetite for 
caviar or something equally expen- 
sive. ) 

There isn’t much required in the 
way of maintenance. The brochure 
says “No Maintenance is Necessary” 
(we don’t believe everything we read, 
do we?)—other than connecting up 
the filter to your air lines and then. 
depending on what you want to add 
to your air, either a tank car of scent 
or a barge (if your plant is on the 
inland waterways) or a truck load of 
dirt, oil, water, gum boots, shoes, tin 
cans, bottles or whatever you wish to 
add is connected to the handy filler 
cap and you are in business. 

For further information on this 
and other products circle number 
7854 on the inquiry card. 

Panhandle Pete 
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Infinite resolution and absolute dependability 
distinguish CIC ultra-precise Potentiometers: In 
the generation of the sine wave CIC Pots pro- 
vide smooth, reliable performance, ::stortion 
free at all angles of rotation. 

CIC carbon film Sine-Cosine Pots, the proven 
product of a unique research program, provide 
greater accuracy in smaller case sizes. Sizes 
range from 1” to 5” diameter with correspond- 
ing best conformities from .3% to .03%. Com- 
pensation for loading can be provided with ne 
loss of performance. 

At speeds in excess of 1,000 r.p.m. CIC guar- 
antees life in excess of two million revolutions. 


Many firms with critical specifications for in- 
dustrial instrumentation, military fire control 
and flight guidance equipment rely only on CIC 
Potentiometers. 

Our highly qualified engineers are ready to 
discuss your specific requirements with you. Call 
us today. 


“For Precision Performance ... specify CIC” 


(d[¢ 


IVanhoe 200 


Detailed Technical Data 
Sheets available on request. 


COMPUTER 
— INSTRUMENTS — 
CORPORATION 


92 Madison Ave * Hempstead, Long Island N Y 
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February 1957—Instruments & Automation—Page 199 























Sito 
EDMONTON 


VANCOUVER Ge 
e Se CALGARY 





WINNIPEG 
e 


— Ke 
MONTREAL /\\ 


fe) Tels) fe) 
A BOSTON 


@ MINNE APOLIS e 
ALBANY 


GRAND : 
MILWAUKEE se apis) 7 BUFFALO 


WOODSTOCK 
omen c, 7 NEW YORK 


PHI 
MARSHALLIOWN = CHICAGO. CLEVELAND LADELPHIA® 


@ SALT LAKE PITTSBURGH 
city 


® 
WY SAN sv INDIANAPOUS ®@ P soaeees 
FRANCISCO 


@ KANSAS — RICHMOND @ 
city x 
Pe + LOUISVILLE 


kg WICHITA CHARLOTTE 
¥*..: FARMINGTON rss NASHVILLE kd 
ANGELES * e 
OKLAHOMA e OMemPHis 


AMARILLO city¥ LITTLE ROCK 


Legend * 
Cc 
ODESSA 


MAJOR 
STOCKING POINTS 


BALTIMORE 


e 
e ATLANTA 


BIRMINGHAM 
one @ SHREVEPORT 


NEW 
HOUSTON ORLEANS 


SY FIELD STOCK — corpus 
CHRISTI 
@ SALES OFFICE 


@ MEXICO City 
GED  tactory 
CONTROL 
HOUSTON, TEX 


FISHER GIVES YOU 
“ON-THE-SPOT” SERVICE WITH... 


3 22 53 203 


FACTORIES FIELD STOCKS SALES OFFICES SERVICE ENGINEERS 


For more information circle 17 on inquiry card. 





ee 











~ + \ 
\ 





You, personally, are ‘right next door’ to an alert source of supply 


of Fisher control valves, gas regulators, liquid level controllers and 


pressure regulators. 


Whether your problem is: one Of existing equipment—or an entirely 


new control application—the Fisher country-wide network of 3 tac- 


tories, 22 


strategically located field stocks and 53 representatives, with 


Ahm ailaaniaastas Engineers —offers you convenient service on all 


F | 


Ss 


Marshalltown, lowa 


World 


ALBANY 

Crabbe & Stebbins Co, 
AMARILLO 

Vinson Supply Co. 
ATLANTA 

Jack M. Smither & Co. 
BALTIMORE 

Rhodes Controls Co. 
BIRMINGHAM 

Jos. W. Eshelman & Co. 
BOSTON (NEEDHAM) 

C. B. Petty & Co. 
BUFFALO 

W. J. Sommers Co., Inc. 
CALGARY 


Barber Engineering & Supply Co. 


CHARLOTTE 

Robert E. Mason & Co. 
CHICAGO 

General Meters & Controls Co. 
CINCINNATI 

Horry T. Porter Co. 


PRESSURE 
REGULATORS 


Leader In 


PISHRER 


CLEVELAND 

A. E. Ehrke & Co. 
COLUMBUS 

A. E. Ehrke & Co. 
CORPUS CHRISTI 

Puffer-Sweiven Co. 
DALLAS 

Vinson Supply Co. 
DENVER 

Joy & Cox, Ine. 
DETROIT 

DuBois-Webb Co. 
FARMINGTON 

Vinson Supply Co. 
GRAND RAPIDS 

DuBois-Webb Ca 
HOUSTON 

Puffer-Sweiven Co. 
INDIANAPOLIS 


Acme Engineering Agency 


KANSAS CITY 
Sullivan-Mears Co. 


REGULATORS 


Research 


ols aa@eyel ene) | requirements. 
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for Better Pressur 
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LITTLE ROCK 

Johnson & Scott 
LOS ANGELES 

Carter-Jones Co. 
LOUISVILLE 

Allan K. Cook Co 
MARSHALLTOWN 

R. S. Stover Co, 
MEMPHIS 

Johnson & Scott 
MEXICO CITY 

Babcock & Wilcox 

de Mexico, S.A. 
MILWAUKEE 

Warren D. Ehrke & Co. 
MINNEAPOLIS (HOPKINS) 

J. F. Schultz & Co. 
MONTREAL 

Process & Steam 

Specialties, Inc. 
NASHVILLE 

Johnson & Scott 


LIQUID LEVEL DIAPHRAGM 


CONTROLLERS 


CONTROL VALVES 
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Woodstock, 
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Cree CTC SF 


NEW ORLEANS 

John H. Carter Co. 
NEW YORK 
(ENGLEWOOD CLIFFS, N. J.) 

Crabbe & Stebbins Co. 
ODESSA 

Vinson Supply Co. 
OKLAHOMA CITY 

Vinson Supply Co. 
PHILADELPHIA (NARBERTH) 

C. B. Ives & Co., Inc. 
PHOENIX 

Cone & Wallace Co. 
PITTSBURGH 

J. G. Chilcoat & Co. 
PORTLAND 

R. H. Brown & Co, 
RICHMOND 

W.H. Kidd & Co. 
SALT LAKE CITY 

Williams, Gritton & Wilde 
SAN FRANCISCO 


George R. Friederich & Co. 





PUMP 
GOVERNORS 


Level 


Ontario 


Control 


SEATTLE 

Barrett & Yost 
SHREVEPORT 

John H. Carter Co. 
SOUTH EDMONTON 

Barber Engineering & 

Supply Co. 
ST. LOUIS 

H. D. Hale & Co. 
TORONTO 

G. W. Beecroft Co., Ltd. 
TULSA 

Vinson Supply Co. 
VANCOUVER 

Northern Columbia Process 

Equip., Ltd. 
WICHITA 

Sullivan-Mears Company 
WINNIPEG 

Mechanical Valve & 

Engineering Specialties 
WOODSTOCK 

Fisher Governor Co. 


LEVER AND 
FLOAT VALVES 











INSTRUMENTS 
AUTOMATION 





Conference on Instrumentation 
for the Iron and Steel Industry 
PITTSBURGH. PA.—The Seventh Annual Conference 


on Instrumentation for the Iron and Steel Industry will 
be held by the Pittsburgh Section ISA, March 26 and 
27 with 16 papers to be read. The subjects of the four 
sessions will be “General Steel Mill Instrumentation.” 
“Instrumentation for Blast Furnace,” “Automation for 
Strip Steel Processing,” and “Controls for Modern Steel 
Melting.” The interest shown in this event promises to 
set a new record in attendance figures, which pre- 
viously topped 200 by a wide margin. 


New RETMA Standards 


New York. N. Y.—Six new standards have been rec- 
ommmended by RETMA. They are: 
RS-171—High Voltage Ceramic Dielectric Capacitors, 
Class 2 (This Standard, from Standards Pro- 
posal No, 445, is new material) 


RS-172—Fixed Composition Resistors (This Standard, 
from Standards Proposal No. 493, is a revi- 


sion of REC-116) 
RS-173—-Emergency stand-by Power Generators and 
Accessories for Microwave Systers (This 
Standard. from Standards Proposal No. 504, 
is new material) 
Audio Transformers for Electronic Equip- 
ment (This Standard. from Standards Pro- 
posal No. 512, is a revision of TR-121) 
Audio Inductors (This Standard, from Stand- 
ards Proposal No. 513, is a revision of TR- 
122) 
RS-176—Pulse Transformers for Radar Equipment 
(This Standard, from Standards Proposal 
No. 515, is a revision of TR-129) 


RS-174 


RS-175 


European Analog 
Computation Center 
LONG BRANCH, N. J.—Brussels, the Belgian capital. 


has been picked by Electronic Associates for the first 
European computation center similar to the ones oper- 
ated by the company in Princeton and Los Angeles. Sev- 
eral PACE (Precision Analog Computing Equipment) 
systems have been sold in Europe, notably in Sweden. 
France, and Italy, a fact which has prompted the com- 
pany’s decision for establishment of a center on the 
European continent. It will be staffed by European sci- 
entists, while specialized personnel from the United States 
will complement the staff as required. Brussels was se- 
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lected because of its central location, excellent transporta- 
tion facilities, stable and convertible Belgian currency, 
and cooperative attitude. It is hoped that this computa- 
tion center will accelerate European interest in analog 
computers. 


World’s First Electric 
Wrist Watch 


LANCASTER, PA.—Called the “first basic change in 
portable timekeeping in 477 years” the electric wrist 
watch, a development of the Hamilton Watch Company, 
offers the highest accuracy and dependability ever 
achieved. It operates on chemical energy stored in a tiny 
gold-plated “Energizer,” which was developed in close 


cooperation with the National Carbon Co. This energy 
is converted into electric power by releasing a stream 
of electrons through a coil of fine wire fixed on a balance 
wheel. The electric energy interacts with a permanent 
magnetic field to cause the balance wheel to oscillate. 
This oscillation is the mechanical energy which runs 
the watch. The power plant, combined with a balance 
wheel, permits the flow of energy to be strictly con- 
trolled; speed of the hands is held to an accuracy of more 
than 99,995%. The tiny magnets used in the electrical 
system are of platinum alloy and have the highest energy 
content of any magnet in the world today, 

The first model, cased in 14 karat gold, no larger than 
a conventional wrist watch, retails for $175.00; a gold- 
filled model will cost less than $90.00. 








NOW -PORTABLE 
400 cycle power 
























This new frequency changer makes it pos- 
sible to provide well regulated 400 cycle 
power conveniently and quickly. This unit, 
Model FCR 250, is extremely useful in a wide 
variety of applications including testing, 





production, airborne frequency control, com- 
puters, missile guidance system testing, and 
in practically any application where the use 
of 400 cycle power is advantageous. 


Model FCR 250 is only one of a complete 
line of frequency changers available from 
Sorensen ... the authority on controlled 
power for research and industry. Write for 
complete information. 


ELECTRICAL CHARACTERISTICS 
Input 105-125 VAC, 1 phase, 50-65 
cycles 
Output voltage 115 VAC, adjustable 105-125V 
Output Frequency 320-1000 cps in two ranges 
Voltage regulation +1% 

Frequency regulation +1% (+0.01% with auxiliary 
freq y standard fixed at 400 
cycles) 

Load range 0-250 VA 














MODEL FCR 250 








In Europe, contact Sorensen-Ardag, Eichstrasse 22, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment. 


STAMFORD - CONN. 
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NEWS —continuep 





Printed-Circuit Forum 
CINCINNATI, OHIO—The Formica Company held a 


Printed-Circuit Forum recently at which 300 representa- 
tives of the electronics industry gathered to discuss 
technology and future of the new field of printed-cir- 
cuits. Printing, etching, electroplating, component inser- 
tion, and soldering of printed-circuits were reviewed by 
nine speakers. Highlights of the program were: Printing 
of Acid Resist, Wet Silk Screen Method, John P. Shaffer, 
Cudner and O’Connor Company; Printing of Acid Re- 
sist, Photo-Sensitive Method, W. P. Van Deusen, East- 
man Kodak Company; Etching Techniques and Meth- 
ods, St. John Bain, Formica Corporation; Dip Soldering 
Operation, Clifford L. Barber, Kester Solder Company; 
Electroplating of Printed Circuits, Robert Swiggett. 
Photo Circuits Corporation; Automatic Assembly of 
Component Parts, Richard W. Daniels, United Shoe 
Machinery Corporation; Printing of Acid Resist, Dry 
Silk Screen Method, James H. Reed, Dry Screen Process, 
Inc.; Punching and Machining Techniques, George E. 
Power, Formica Corporation; Printed Circuits—The 
Key to the Future, Jack Cochrane, Formica Corporation. 


Satellite Tracking 
NORWALK, CONN.—Twelve special cameras, with 


one of the most difficult-to-produce optical systems ever 
attempted, will soon go into production for the task of 
photographing the IGY earth satellite, an object the size 
of a basketball travelling at twice the speed of sound. 
The twelve IGY Satellite Tracking Cameras, strategi- 
cally placed about the globe, will be used for the optical 
tracking of the satellites in conjunction with radio listen- 
ing stations, astronomical observatories and amateur 
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observations (the latter dubbed “Operation Moonwatch’’). 
Two of the cameras will be stationed in the United States. 

The production of the optical systems for the cameras 
is being undertaken by the Perkin-Elmer Corp. The 
cameras with 20-inch aperture, and ultrafast f/1.0 apo- 
chromatic lens, have a 30° field of view. 


Shorteut in TC Production— 


NORRISTOWN, PA.—Thermocouples made by Mar- 
lin Manufacturing Co. have two thermocouple wires 
inside a ceramic insulator which has been crushed to 
powder form and packed tightly by swaging a sheath 
made from metal tubing. Usually, they are inserted 


through drilled holes in test engines, gas turbines, heat 
treating furnaces and chemical and processing equip- 
ment to measure internal temperatures. A close fit is 
required to minimize heat loss or to fit standard tube 
fittings to facilitate installation. 

Fabrication has been simplified by using metal tubing 
which is swaged. The swaging compresses the metal 
tubing in which the thermocouple wires are inserted, and 
crushes the ceramic, packing it to hold the wires in place. 

To meet the varying specifications, tubing is needed 
in four stainless analyses and in Inconel. Drawn to 
slightly larger dimensions than standard tube fitting 
sizes, tubing supplied by Superior Tube Company ful- 
filled the requirements and simplified production. 

Illustration shows the insulated thermocouple (2) 
protected with a sheath. Other uses of tubing in pickups 
are also shown, including a pressure rake (1), pitot 
static tube (3), thermocouple rake (4), instrumented 
turbine blade (5), shielded pressure probe (6), and flow 
probe for sensing direction of flow of gases or liquids 
(7). 


Mobile Laboratory 


CHICAGO, ILL.—A complete Mobile Testing Labora- 
tory was completed recently by Soiltest, Inc., for the 
Bureau of Public Roads. It is fully equipped for standard 
soil and concrete tests and will be used on the Bureau’s 
overseas road planning and construction projects. 

The mobile unit is designed to be self sufficient. It 
carries its own water supply, laboratory sinks, air com- 
pressor, air conditioner, vacuum pump and similar 
utility equipment. Test equipment includes a portable 








another basic reason 


why industry prefers 


OH MITE 


COMPONENTS 


better quality 
through more advanced 
research and testing! 


Behind every Ohmite component is a 
bulwark of advanced research and 
testing laboratories. These laboratories 
use the finest scientific instruments and 
equipment. Here Ohmite products 

are tested and retested under the 

most grueling conditions to detect possi- 
ble sources of trouble. And these same 
laboratories are used for the develop- 
ment of new materials, new processes, 
and new designs .. . to build reliability 
into Ohmite products that set new 
standards for long life and 

trouble-free performance. 


Ge Right with.. 


OHMITE 


RHEOSTATS @ RESISTORS @ RELAYS 
TAP SWITCHES e TANTALUM CAPACITORS 
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High temperature globar fur- 
nace; muffle furnace for enamel 
testing; hydrogen atmosphere 
sintering furnace. 





Microscopie and petrographic 
equipment used in Ohmite lab- 
oratories for optical .examina- 
tion of materials and products. 


shown 
used to check and standardize 
the many pieces of Ohmite elec- 
trical test equipment. 


Humidity chambers using pro- 
gram-controlled cycles; here 
Ohmite products are tested un- 
der a wide range of temperature 
and humidity conditions. 


Microscopic analysis of struc- 
ture using metallograph. Ther- 
mal expansion of ceramics and 
vitreous enamels can be deter- 
mined with interferometer 
equipment. 


This power panel provides AC 
or DC in a wide range of cur- 
rents, voltages, and frequencies 
++-permits testing Ohmite prod- 
ucts under operating conditions, 


X-ray Diffractometer and X-ray Fluorescence Spectrometer make possible 
the determination of crystal structure, as well as elemental composition of 
materials and products by means of X rays. 








ee BANTAM” | ee coe 


SERIES 


Miniature —— 
Throttling ~..... 


AIR TO OPEN 


Diaphragm Control Valves 


Because of the growing need for compactly designed, 
lightweight valves with the same ruggedness of construc- 
tion and high quality found in standard dimensioned con- 
trol valves, this new line of “Bantams” is offered. 

The type 501 valve shown has %”N.P.T. connections, and 
for service up to 1000 psi at 350°F. will provide throttling 
control with low hysteresis and instantaneous response 
over a 3 to 15 psi instrument air range. It has five inter- 
changeable sizes of linear, equal percentage, or quick 
opening trim. CV = 0.63 to 0.00025 trim sizes. 

Types 526 and 530 valves are available in sizes from 1” 
to 44’ screwed, flanged, and weld ends, for service up to 
1500 psi in A.S.A. Ratings. All materials and construction 
are consistent with usual control valve specifications. 

Reversible integral seat and replaceable seat bodies are 
available as well as the usual control valve extras. 

For a full description of the Bantam 500 series, drop us 
a line. We will be glad to put you in touch with our 


representative in your area. 


For more information circle 20 on inquiry 
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200,000-lb-capacity concrete testing machine for 6” by 
12” cylinder tests. Soil testing apparatus ranges from 
permeameters to a field California Bearing Ratio set and 
unconfined compression testing machines. 


News Bits 
PANELLIT SERVICE CORP., a division of Panellit 


Inc., received a unique automation contract from Tide- 
water Oil Corp. providing for complete instrumentation- 
and-control-system maintenance in the company’s giant 
new “Flying A” refinery in Delaware. 


CARBIDE & CARBON CHEMICALS CO. announces 
availability of 3 instrument patents for licensing. The 
company itself is using all three instruments. They are: 
(1) A chromatographic analyzer for continuous, auto- 
matic analysis for one or more components in a mixed- 
gas stream, (2) a differential refractometer, and (3) an 
electrolytic concentration cell that measures the difference 
between the ionic concentration of two liquids. Carbide 
uses it for measuring ppm of oxygen in plant streams. 


BURKE & JAMES are marketing a new versatile proc- 
ess camera which can be operated in a vertical position. 
It can be used for copying, enlarging and reducing. 
turning out negatives or positives including xerographic 
plates for printing up to 24” x 24”. 


Burke & James Camera 


Acoustica Soldering Iron 


ACOUSTICA ASSOCIATES, representing Mullard in 
the U. S., introduced a new ultrasonic soldering iron 
which uses no flux for soldering aluminum and its alloys, 
copper, brass and zinc, as well as for joining of dissim- 
ilar metals. The intense ultrasonic vibrations communi- 
cated to the solder erode the oxygen skin. 


UNITED STATES RADIUM CORP. announces new 
commercial markers utilizing long-lived radioactive gas 
(Krypton ®°) to excite treated phosphor crystals. Signal 
lights in 5 different colors are easily legible at distances 
in excess of 500 yards. 








50 


precision shell molds 
per hour with 


ASCO CONTROLS 


Dependable precision control by ASCO has been a long 
time feature of a wide range of automatic equipment and 
machine tools. A typical example is the Shell-O-Matic high 
speed shell molding machine shown here. The machine 
produces precision shell molds for casting in ferrous and 
non-ferrous metals. ASCO solenoid valves sequenced by 
ASCO relays completely control the operation. 

Integrated in the control system are the ASCO control 
panel, single and dual solenoid valves with watertight 
molded coils, relays and contactors. These controls help 
Shell-O-Matic achieve a production rate of 50 precision 
units per hour. 


ASCO CONTROL PANEL 


This control panel consists basically of two ASCO 1054 Relays 
and 1035 Contactors. The 1054 is especially designed for 
rugged industrial use with powerful efficient magnet for positive 
action. It is a 25 ampere relay, available in a variety of pole 
combinations up to 12 poles. The Bulletin 1035 is a continuous 
duty contactor, suitable for all classes of load, with interrupting 
capacity of 6 times rated current. Standard ratings are to 300 
amperes; contactors with higher capacities are available. 


ASCO SOLENOID VALVES 


ASCO Bulletin 8344 4-way solenoid valves are especially de- 
signed for double acting pneumatic or hydraulic cylinders. In 
this installation watertight luxolene molded coils have been 
specified since the shell molders are washed down frequently. 
These poppet type valves provide tight seating with absolutely 
no leakage. They are power driven in both directions by line 
pressure. A full line is available: sizes #¢”— 1” with single or 
dual solenoids and J.I.C. construction. 

These quality products are representative of the complete 
line of ASCO controls now available. Design your control 
system with ASCO electromagnetic control and solenoid valves. 
Technical literature and engineering assistance are available. 
Write ASCO today about your control problem. 


Automatic Switch Co. 


52-F Hanover Road, Florham Park, New Jersey 


For more information circle 11 on inquiry card. 
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Featuring 

Control Point 
Accuracy Equivalent 
to Individually 
Calibrated Instruments 


The UNITED ELECTRIC Type E32N Temperature 
Control is a uniquely designed instrument that is 
used to control and indicate temperatures of gases, 
liquids or hot plates over wide ranges. This unit 
contains a 12-inch scale for easily read visual indica- 
tions. It is possible to replace the thermal unit in the 
field without any loss of calibration accuracy. 








—150 F. to 150°F., 70°F. to 370°F., 
100°F. to 650°F. Read temperature on 
continuous, 12-inch indicating scale 
that rotates against a fixed index 
a in a vertical and centered 
ocation. 


Temperature Ranges... 





Up to 15 amps. at 115 or 230 volts 
A.C. 20 amp. A.C. or D.C. switches 
also available. 


Switch Ratings 





N.O., N.C., or Double Throw — no 
neutral position. 


Switch Types 





On-Off Differential Approximately 1.0°F. or 2.0°F. de- 


pendent on model. 








Adjustment Calibrated dial rotated against a 
fixed index. 





Calibration Calibrating mechanism pees 20 
cise matching of scale to individual 
tolerance errors of thermal assemblies. 





Automatic compensation for ambient 
temperatures. 


Compensation 








SEND FOR NEW Catalog 200 for full information on 
the E32N and other remote 
bulb temperature controls. 


United Electric Controls 


COMPAN Y 


REET WATERTOWN MASS 
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NEWS —contINuUED 


NATIONAL ENGINEER’S WEEK will be observed 
February 17 through 23. Sponsored by the National 
Society of Professional Engineers, the theme for the 1957 
observance is “Engineering . . . America’s Great Re- 
source.” Said Mr. John L. Bahr, National Committee 
Chairman: “This theme was chosen because of the in- 
creasing public awareness of the fact that the real re- 
sources of this country are not buried in the crust of the 
earth, but are actually walking around several feet above 
ground ... in the minds and attitudes of our professional 
engineers.” 


CORNELL AERONAUTICAL LAB. has resumed test 
operations of its 32,000-hp wind tunnel after a modifica- 
tion program that cost nearly $214 million. Tests with 
aircraft, missiles, and propellers at speeds 1.3 times the 
speed of sound at varying pressures now can be computed 
and recorded automatically, providing test data for eval- 
uation minutes after completion of measurements. 


BECKMAN INSTRUMENTS’ SPINCO DIV. will 
manufacture a powerful new ultraviolet sterilizer which 
scientists at Michael Reese Research Foundation of 
Chicago invented. Production of completely safe vaccines 
for immunization against polio and a variety of other 
diseases from rabies to arthritis are predicted with its 
aid. . 
PROJECT-VANGUARD NEWS 
e An IBM 704 Computer will be installed in 
Washington for evaluating data obtained from 
radio tracking stations and observation points lo- 
cated in various parts of the world. The orbit of the 
earth satellite can be plotted on the screen of the 
Cathode Ray Tube Output Recorder (CRT) as the 
information is computed by the machine. 


e UNIVERSAL ATOMICS CORP. has devel- 
oped a transistorized all-electronic power supply 
that will be used in the earth satellite. 

NEW COMPUTER DEVELOPMENTS 


e STANDARD OIL CO. OF INDIANA was 
the ie of the one hundredth IBM tg He 





Indiana's 
IBM ''705" 


mercial problems. It will facilitate operation of the 
Whiting Refinery in many ways, tackling payroll. 
job order cost system, computation of petroleum 
inventories and refinery. yields, etc. 


e REMINGTON RAND’S first Univac Scien- 
tific 1103A, recently installed at Lockheed’s Missile 
Systems Division, has been equipped with two im- 
portant programming shortcuts by its mathema- 
ticians, unglamourously dubbed MISHAP (missiles 
high speed assembly program) and FAP (flating 
arithmetic package). They will on one hand permit 
feeding 24 alphabetic and decimal characters in- 
stead of binary language, and on the other hand 








Carrier Amplifier Units for: 





Resistive transducers 


Linear differential 
transformer pickups 


Variable reluctance gages 


Linear-Integrating Amplifiers for: 





Self-generating transducers. 


The HEILAND 
119 Amplifier System 


for Oscillographic Recording 


All these features—plus many more—have moved Heiland 119 
Amplifier Systems into leadership in the field! 


COMPARE 
THESE FEATURES All operating controls are on the front panel; all cabling 


with similar systems: is on the back panel for handy relay rack or test bench mounting 
@ TWICE THE SENSITIVITY without modification. 


¥% millivolt for ; 
full current output The 119 System is flexible to meet present or future needs, 


@ TWO-THIRDS GREATER since all 6 individual amplifier units within the system are 
, rey easily removable. You can build your system from the ground up, 
© tn Tas tar conn comer adding new individual units as your need expands. 
50 mn inte Sete Seed In addition, linear-integrate and carrier units are interchangeable 
a yg within the system case. 


line voltage fluctuation 
and wide range of FOR ADDITIONAL DETAILS WRITE FOR BULLETIN 101-NA 


ambient temperatures FOR PERFORMANCE AND CONVENIENCE—CHOOSE THE HEILAND 119 AMPLIFIER SYSTEM, 


| Honeywell 
HEILAND INSTRUMENTS 


S200 EAST EVANS AVENUE + DENVER 22, COLORADO 
For more information circle 23 on inquiry card. 
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IMPACT 


It takes the impact of specialized engineering to break 
bottle-necks that block the practical application of auto- 
matic control, data handling and other system problems 
in both the civilian and military fields. 


DAYSTROM SYSTEMS DIVISION takes full respon- 
sibility for the conception, design, assembly, testing 
and installation of complete systems, including the 
training of user personnel. 


DAYSTROM SYSTEMS engineers are qualified to in- 
tegrate and apply to systems problems, equipment from 
the electronic, electrical, optical, hydraulic, pneumatic, 
mechanical and other fields. Whenever DAYSTROM or 
other existing equipment does not meet optimum system 
specifications, the DIVISION will design and manufac- 
ture special components. Full advantage will be taken of 
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the extensive experience of the entire DAYSTROM 
organization with servo-mechanisms, controllers, air- 
craft systems, computer and memory devices, gyro- 
scopes, telemetering equipment and digital systems. 


A DAYSTROM designed system is the key to more 
efficient, more profitable operations. For further infor- 
mation, call or write for our FACILITIES REPORT. 
See us at the I-R°E Show in New York, March 18-21, 
Booth 2907-15. 


DAY OM SYSTEMS 


DIVISION OF DAYSTROM, INC. 
5640 LA JOLLA BOULEVARD 
LA JOLLA, CALIFORNIA 
GLENCOURT 4-0421 





in magnetic seals, too 


CRUCIBLE PERMANENT MAGNETS 


mean Maximum energy—minimumM size 


The consistently higher energy product of Crucible 
Alnico magnets allows smaller parts — greater com- 
pactness in special applications like this magnetic 
shaft seal. What’s more, the superior corrosion and 
wear resistance of Crucible Alnico insures far 
greater service life. 

You can regularly get Crucible permanent 


Alnico magnets sand cast, shell molded, or invest- 
ment cast to exact size, shape or tolerance require- 
ments... and in any size from a mere fraction of 
an ounce to hundreds of pounds. Crucible Steel 
Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 
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MOELLER 


NSTRUMENT COMPANY 


Adjustable Form Dial 
Indicating Thermometers 
with separable socket. 
Can be quickly adjusted 
to any angle. 


Remote Reading Dial 


Thermometers. Mercury actuated, 
with separable socket. Panel 
or flush mounting. 


... because our business is the design and manufacture 
of temperature measuring instruments—and has been 


since 1867. 


Specify and install these guaranteed Moeller Products. 


You 


get 


LU 


with 


Moeller 


dials 
and 
. recorders 


SR ce 


Single and Multiple Pen, Remote 
Recording Thermometers. Available 
for one and two temperature 
recordings in round cases and up 
to four temperature recordings 

in rectangular cases. 


Moeller Recording Psychrometer 
Type No. 6630 (wet and dry bulo 
temperature type) for accurate 
humidity determinations and 
records. Designed for rooms 

or apparatus where air 
circulation is poor. 


Mail the coupon, today, for full details! 


tat 
Re pre se itive 


1 BOIH AVE 


CHMOND H 


Gentlemen: Without obligation, please send me Moeller 
Catalog No. 150 on Dials and Recorders. 


NAME 
FIRM 
ADDRESS 
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NEWS —CONTINUED 





allow input and output on punched cards or mag- 
netic tape. 


NUCLEAR REACTORS 


e LEEDS & NORTHRUP CO.’S great activ- 
ity in the field of nuclear reactors controls is re- 
flected in news of having received a contract to 


L&N 
Nuclear 
Display 


supply a “package” for a new 1000-kw nuclear re- 
actor at Sao Paulo University in Brazil. The com- 
pany also will display a completely integrated pow- 
er reactor control system at the 1957 Nuclear Con- 
gress in Philadelphia early in March, 


e AEROJET-GENERAL NUCLEONICS will 
exhibit an operating reactor at the coming Atomic 
Exposition. It is the first time that an American 
audience will be able to see such demonstration. 


Stock Report 


Any further information concerning any of the following issues may 
be obtained from the Research Department, Bache & Co., 36 Wall 
Street, New York 5, N. Y. 


New 


York Stock Exchange: 


Price Range for 1956-57 
Thru Jen. 18 


sect 


ACF Industries 
Aeroquip Corp. 
Allis Chelmers 
American Chain & Cable 


An 
Ame 


American Machine & Foundry 
ican Machine & Metals 


n Optical 


American Te iephone & Telegrapt 


Beckman Instrumente 
Bell & Howell 
Bendix Aviation 
Boeing Airplane 


Bullard 


Bulova Watch 
Burroughs 


orundum 
innati Milling Machine 


ite 


lu 


Corning 


Curtiss 


@ Broadcasting “A 
dated Electronics 


Dubilier 
Glass 


-Wright 


Cutler Hammer 


Daystrom 


Dobeckmun 


Douglas 


Eastman 


Aircraft 


Kodek 


Paton Manufacturing 
Electric Auto Lite 
Elgin Watch 


Food Machinery & Chemical 


Gamewell 


Garrett 
General 
General 
General 
General 
General 
General 
General 
General 
General 


Dynamics 

Electric 

Instrument 

Mills 

Precision Equipment 
Railway Signal 
Telephone 

Time 

Tire 


Goodyear 


Hamilton Watch 


Hoffman 


264 27 
Electronics 164 164 


Continued on page 214 





PORTABLE 


~ 


FREQUENCY RANGE OF 10 TO 1000 CPS 





You can carry this compact instrument 
anywhere for vibration analysis in either 
shop, field, or mobile applications. An 
all-transistor, etched-circuit design, the 
1-128 Vibration Meter is battery- 
powered... weighs only 712 Ibs. 


SELF-CONTAINED... With the addition of a 
linear or torsional vibration pickup, the 
convenient 1-128 becomes a completely 
self-contained monitoring system. Peak- 
to-peak displacements as small as 
0.0005” cause full-scale indication. 


TYPE 1-128 


Vibration displacements are accurately 
measured in the frequency range of 10 
to 1000 cycles. 


VERSATILE...An oscilloscope can be cou- 
pled to the meter through an output jack 
for visual waveform analysis. Simple to 
operate and designed to meet adverse 
environmental conditions, your CEC 
1-128 will pay for itself many times over. 


SAVES THOUSANDS OF DOLLARS...A large 
Los Angeles refinery is using the Con- 
solidated 1-128 Vibration Meter to 

















VERSATILE 


monitor bearing vibration on sealed 
motor-driven pump units. With a vibra- 
tion pickup, the instrument provides a 
convenient, highly dependable vibration 
monitoring system in this hazardous 
location .. . saves thousands of dollars 
in preventative maintenance. 


For complete specifications, please 
write for Bulletin CEC 1566-X 30, or 
contact your nearby CEC field office. 


Consolidated Electrodynamics 


8 300 North Sierra Madre Villa, Pasadena, California 


NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES 
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YOU CAN CUT INSTRUMENT DOWN-TIME for service from hours 
to minutes in most cases with an adequate supply of Bristol 


thermocouples and pyrometer accessories. 


How much can 
interrupted pyrometer 
service cost you? 


Now’s the time to worry —before it happens—about what 
interrupted pyrometer service can do to your production 
schedules, cost figures, and quality controls. 

And now’s the time to lay in a supply of Bristol’s pyrome- 
ter supplies and accessories to cut down-time to a minimum. 
Bristol's complete line of thermocouples, protection tubes, 
radiation-unit accessories, refractory insulators, mounting 
fixtures, thermocouple wire, and extension wire, switches, 
ink, and charts, are available in a wide selection of inter- 
changeable sizes and types to fit all standard installations. 

They're backed by Bristol’s 51 years experience in indus- 
trial pyrometry. We've built thousands of pyrometers for 
every application—in iron, steel, non-ferrous metal smelting 
and refining; in petroleum, chemical, ceramics, glass, paper, 
and food-processing industries and in power, heat and in- 
cineration utilities. 

You'll find these pyrometer sup- 
plies completely described in our 
56-page Bulletin P1238, together 
with technical data on selection, 
installation, maintenance, and — 
calibration. Write for your copy 
today. The Bristol Company, 154 
Bristol Rd., Waterbury 20, Conn. 





THERM OCORFLES 


Buyers Guide 
~ 
Users Manual 


ee Lofts Pm: Pm 





FREE BULLETIN P1238. Tells how to 
select, install, calibrate and care 
for thermocouples and pyrome- 
ter accessories. 


Points the Way in kt 
Human-Engineered Instrumentation 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS. 


For more information circle 28 on inquiry card. 
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New York Stock Exchange: 


International Business Machine 550 400. 
International Tel. & Tel. 7 3/8 ay 


Lockheed Aircraft 58 7/8 43a 


Magnavox 4 
Minneapolis Honeywell 38 
Minnesota Mining & Mfg. 

Motorola 


National Acme 

National Cash Register 
North American Aviation 
Northrop 


Otis Elevator 
Philco 


Radio Corp. of America 


Sylvania Electric 


Telautograph 

Texas Instruments 
Products 

Tung-Sol Electric 


Underwood Corp. 

Union Carbide & Carbon 
Western Union 
Westinghouse Air Brake 


Westinghouse Electric 
Worthington Corp. 


American Stock Exchange: 


Price Range for 
January 18 


SECURITY 


Air Associates 


Belock Instrument 

Benrus Watch 

Breeze Corp. 

Clark Controler 

Clarostat Mfg. 

Clary Corp. 

Consolidated Electrodynamics 
Du Mont Laboretories 
Dynamics Corp. of Americse 


Electronics Corp. of America 
El-Tronics 


Fairchild Camera & Instrument 
Globe - Union 
Bazeltine Corp. 


International Resistance 


» Inc. 
Litton Industries, Inc. 


National Research Corp 
Neptune Meter 


Nuclear Corp. of America “A” 
Poeumatic Scale 

Reliance Electric 

Servo Corp. of Americe 


Servomechani sms 
United Shoe Machinery 
Wallace & Tiernan 
Waltham Watch 


OVER -THE -COUNTER 


Aerovox Corporation 
Aircraft Radio Corp. 

Argus Corp. 

Barry Controls, Inc. 
Eitel-McCullough Co. 
Electronic Associates, Inc. 
Elox Corp. of Michigan "A" 
Elox Corp. of Michigan "B” 
Erie Resistor Corp. 

G. M. Giannini 

I-T-E Circuit Breaker 
Liquidometer Corp. 

P. R. Mallory & Company, Inc. 
W. L. Maxson Corp. 

Penn Controls, Inc. 

Speer Carbon, Inc. 
Sprague Electric Co. 
Taylor Instrument Co. 
Telecomputing Corp. 

Topp Industries, Inc. 
Varian Associates 

Vitro Corp. of America 


Continued from page 212 
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TECHNIQUES ond DEVELOPMENTS 


in oscillographic recording 








PHASE SENSITIVE DEMODULATOR PRE- 
AMPLIFIER PROVIDES A DC VOLTAGE 
PROPORTIONAL TO AN INPHASE COM- 
PONENT OF AN AC VOLTAGE WITH 
RESPECT TO A REFERENCE. 


voltage component is often necessary in per- 

formance studies of servo systems or of suppressed 
carrier signals over the carrier frequency range from 
60 to 10,000 cps. In such cases the demodulator 
responds to inphase signals and rejects quadrature 
signals. 


T measurement of the amplitude of an AC 


A circuit with these char- 
acteristics for use in an oscillo- 
graphic recording system can be 
seen in the Model 150-1200 
Servo Monitor (Demodulator) 
Preamplifier. It was developed 
by Sanborn as one of twelve 
interchangeable, plug-in front 
ends for “150” Series equipment, 

to be used with the appropriate Driver Amplifier- 
Power unit in any pa of a “150” system. 
Elements comprising the circuit from input to out- 
put, include: compensated stepped attenuator and 
cathode follower input circuit, phase inverter, push- 
pull mixer and demodulator stages, differential DC 
output amplifier and low pass filter. In addition, the 
chassis contains a VIT'VM to facilitate accurate 
adjustment of the reference voltage, and an overload 
esa which lights a warning lamp when exces- 
sive quadrature voltages exist. 

Adaptability to a fairly wide variety of applica- 
tions is accomplished through broad input voltage, 
reference voltage and frequency ranges. In order, 
these are 50 mv to 50 v (for full scale 5 cm deflection), 
10 v to 125 v;60 eps to 10ke. Rise time with low fre- 
quency plug-in demodulation filter is 0.1 seconds; 
with high frequency filter, 0.01 seconds. Quadrature 
rejection is better than 100.1; for carrier frequencies 
up to 5000 cycles. 

Two representative uses of the Servo Monitor 
Preamplifier are in the design and adjustment of 
servo systems, and with instruments used in the 
design, development >r adjustment of other appa- 
ratus. The first is illustrated by use of the Pre. 
amplifier and associated equipment in the recording 
of the output shaft amplitude and driving frequency 
of an AC positional servo; the second by recordings 
made with a similar setup of the difference between 
output signals from a gyroscopically-controlled sta- 
bilizing device and the “pitch” and “roll” signals 
generated by a “Scorsby Table” used for testing the 
device under dynamic conditions. 


For a detailed discussion of the principles and design 

considerations involved in the Servo Monitor Pre- 

amplifier, refer to the February, 1955 issue of the 

Sanborn RIGHT ANGLE, for Dr. Arthur Miller's article on 

“Measurements with the Servo Monitor Preamplifier.” 
e 








Technical literature and engineering assistance on specific prob- 
lems are always available from our engineering department. 









































BASIC 

FACTORS 

IN SELECTING 
OSCILLOGRAPHIC 
RECORDING 
EQUIPMENT 


HEN considering any oscillographic system or equipment 

for your application, three useful “yardsticks” to apply 

are (1) the recording method, (2) equipment adaptability, 
and (3) variety of equipment available. Here are the answers 
to the three, as they apply to Sanborn systems. In the record, 
rectangular coordinates accurately correlate multiple traces, 
simplify interpretation and eliminate errors. Permanent traces, 
produced by a hot ribbon stylus without ink, provide sharp 
peaks and notches, and clearly reveal all signal changes. One 
percent linearity results from current feedback driver ampli- 
fiers and high torque galvanometers of new design; maximum 
error is 144 mm in middle 4 cm of chart, 4% mm across entire 
chart. From the standpoints of “adaptability” and “variety”, 
Sanborn “150” equipment offers the versatility of 13 different 
plug-in front ends for any basic system . . . the choice of one- 
to eight-channel systems . . . the variety of nine chart speeds, 
timing and coding controls, console or individual unit packag- 
ing .. . availability of equipment as either complete systems 
or individual amplifier or recorder units. 


The purpose of the foregoing information is to better acquaint 
industry with typical oscillographic recording problems and 
their answers, design considerations in Sanborn equipment, and 
basic data on what Sanborn makes and how it is being used. 


WYMAN STREET, WALTHAM $4, MASS. ; 
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Here is the new LESLIE “HI-FLO” Water 
Reducing Valve with 50% more capacity 


c 


VW \ 


HERE IS THE ALL NEW Leslie Reducing Valve with capacity-regula- 
tion features that have never been offered before. Here is a 
regulator with 50- 100% greater capacity by actual test.* 


\ 
. 


Vial 


rT - 


Hers’s the unbeaten combination of design features: 
“HI-FLO”—Large bow! construction; long stroke diaphragm 
gives full flow of water and other non-corrosive liquids. 
FULLY BALANCED—tThe main valve, fuliy balanced by 
lower diaphragm, virtually floats to provide smooth, 
friction-free, throttling action. 
DROP-TIGHT SHUTOFF—Resilient seating disc provides 
‘a tight closure under all conditions. 
. ° “a +4 “a 
Unique construction of “Hi-Flo” Re- TROUBLE-FREE DESIGN and hammer elimi- 
ducing Valve. Note the small lower nated; no piston cups or seals to clog or change. Corrosion 
diaphragm that provides fully bal- resistant trim with renewable interchangeable fit. 


anced, floating action. Ask your Leslie Engineer to show you how the exclusive Leslie 
“Hi-Flo” valve can be used to your ‘advantage in water reducing 
stations, fuel oil pressure control, process lines, ete. He’s in 
your classified directory under “Valves” or “Regulators”. 


*Write today for Bulletin 553 for graphic performance com- 
parison and complete capacity data. 


REGULATORS AnD CONTROLLERS 


LESLIE CO., 299 GRANT AVENUE, LYNDHURST, NEW JERSEY 


CONTROLLED QUALITY MEANS QUALITY CONTROLS 
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CLARK CONTROLLER CO. announces a new 70,000 
sq ft plant opened by Canadian Controllers, Ltd., its 
Scarborough, Ontario, subsidiary. 


HEWLETT-PACKARD'S new affiliate. Dynac, Inc., (-dy-) 
is designed to serve customers who need specialized in- 
strumentation, such as complete multichannel automatic 
data handling systems. 


FEDERAL TELECOMMUNICATION LABS. announces a 
new laboratory to do development work on carrier and 
other advanced telephone communication apparatus. 


FAIRCHILD CAMERA AND INSTRUMENT CORP'S. 
Electronics Div. has moved into its new headquarters 
on Aerial Way North in Landia Industrial Park, Syosset, 


» i oe 2 


SERVOMECHANISMS, INC., has opened new corporate 
offices at 445 Park Ave.. New York City. 


POLYTECHNIC RESEARCH & DEVELOPMENT CO.., 
INC., has taken an additional floor in their building to 
further development of a molecular beam oscillator. 


GENERAL ELECTRIC CO. announces it will convert its 
Buffalo TV picture tube plant to transistors early in 
1957. 


FISCHER & PORTER CO. announces a new sales office 


in Indianapolis, Ind. 





F YOUR projects would benefit by more 
statistically reliable data, and by more data 
per man-hour, investigate ALJNCO Inverter-Amplifiers 
for galvanometer oscillographs. Because of their high output, 


(+60 ma.), they give greater deflection of the pointer on low- 
sensitivity units. If you've ever tried making thermocouple stud - 


' ee eee 
“ New Plants | 
and Mergers , 


ROBERTSHAW-FULTON CONTROLS announces ac- 


quisition of all the assets and business of Acro Mfg. Co. 


of Columbus, Ohio. The Bridgeport Thermostat Div., has 
opened a new $2-million plant in Milford, Conn. 
INTERNATIONAL BUSINESS MACHINES CORP. an- 
nounces that control of its nationwide service bureau op- 
erations has been transferred to The Service Bureau 
Corp., a subsidiary. 

MAGNETIC AMPLIFIERS, INC., announces formation of 
its new West Coast Div. at El Segundo. Calif.. for mag- 
netic and transistor servo amplifiers. 


THE BRISTOL CO. has opened a new branch factory 


and warehouse in Houston. Texas. 


FISHER GOVERNOR CO. announces its new representa- 


tive for Boston and New England is Clarence B. Petty 





ies in conductive materials, you already know that a balanced 
input is essential for reliable records, as well as for reducing the 
effects of stray pick-up. Overload indication plus no operational 
delay after an overload, together with high gain resolution, can 


understandably give you much more data per man-hour expended. 


extras... 


In addition to the features just mentioned, these amplifiers have 
low drift, low noise level, a wide frequency response of 0 to 5000 
cps., phase sensitivity, and will accomodate virtually any gal- 
vanometer you have or plan to install. 


DO YOU NEED 


HIGH 
performance 


AMPLIFICATION 
for galvanometer 
oscillographs ? 


These features provide you with a HIGH PERFORMANCE am- 
plifier -- an amplifier that has been field- proven superior for per- 
formance vs. life characteristics -- fully guaranteed by ALINCO. 
Write or call now for technical literature and for application 
consultation. 


ALLEGANY INSTRUMENT COMPANY, INC. 


yco 


1091 Wills Mountain 
Cumberland, Maryland 
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Sometimes you can guess at torque... BUT 


With SR-4 Torquemeters, you can measure and control 
all industrial torques to+%% accuracy 


It isn’t necessary to measure the exact amount of torque in order 
to wring out a dishcloth. But in industry, it’s often vital that the 
exact amount of torque on a shaft be known, 


You can use Baldwin SR-4 Torquemeters to measure a few inch- 
ounces or thousands of foot-pounds, and with consistent accuracy 
to within +14%. They convert torsion changes directly into changes 
in electrical energy, measure torque independently of speed, and 
take no power from the drive shaft. A wide variety of instruments 
can be used with SR-4 Torquemeters, ranging from millivoltmeter 
and battery to a computing instrument reading horsepower directly. 


Baldwin SR-4 Torquemeters offer unlimited application oppor- 
tunities. Present uses include torque measurement of viscosity, 
in engine dynamometers, for pump testing, in propeller drive shafts 
and helicopter rotor assemblies, and hundreds of other applications 
in design and production testing. 


Whatever your torque measurement problem, a B-L-H representative 
is ready to serve you. For more complete information on SR-4 
Torquemeters, write today for your free copy of Bulletin 4308. 


The Type A SR-4 Torquemeter is a self-contained unit with 
housing and brush assembly suspended on a shaft by 
ball bearings. It employs SR-4 Bonded Wire Strain Gages 
in a Wheatstone bridge circuit. Baldwin torquemeters 
have been built for shafts from % in. diameter to 18 in.; for 
zero rpm to 35,000 rpm; and from 10 in.-oz. capacity 
to 4,200,000 in.-Ib. 


BALDWIN :- LIMA: HAMILTON >» 
Blectronics & Instrumentation Division ] 


Waltham, Mass. 
SR-4® strain gages * Transducers ¢ Testing machines 
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NEW! 


MOST UNIVERSALLY ADAPT 
VALVE POSITIONER ON THE 


.eethe Foxboro Type C 
VERNIER VALVACTOR * 


Unique Flexibility Easily reversible in 
seconds. Sequencing by two simple 
adjustments. 


Super Response Full air-pressure output 
to diaphragm motor on signal air-pressure 
change as small as ¥2 of 1% of signal span. 


Extra Speed New, high capacity relay 
provides high speed positioning action. 


Positive Positioning Direct, motion- 
balance feed-back assures instantaneous, 
pin-point positioning. 


Now there's a positive-action, super- 
precision valve positioner that you can 
easily adapt to any diaphragm motor 
application — without exchange of parts! 
It's the Foxboro Type C Vernier Valvactor 
with unique motion-feedback. 
The Type C Valvactor has a master 
The Type C Valvactor’s distinctive motion-balance princi- setting disc which provides easy change 
ple of stem positioning eliminates loading effects of heavy of action as required by the control 


fixed-stroke actuating springs. Note compactness — the 
simplest mechanical design of any valve positionex system, as well sar detent. A reversal of 
Valvactor action for air-to-open or 


J peer aibeatrssate 5 meme goage ato lalsdusene§ po air-to-close control valves. Adjusting 
for limited stem travel is equally simple 
-.. sequencing of several valves is a cinch! 
The Valvactor is the ideal solution to 
such problems as stem friction, plug 
friction, valve motor and transmission 
line lag, and extreme process line 
pressure changes. And it requires prac- 
Ox. B OR tically no maintenance! Available 
REG. U.S PAT OFF with 3-gauge and by-pass manifold, or 
VALVE POSITIONERS _ Plain manifold. Write for full details. 
The Foxboro Company, 462 Neponset Ave., 
Foxboro, Mass., U.S.A. 
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THERMISTOR DEVICES GIVE 1 10 100 
TEMPERATURE CONTROL 


POINT 


Fenwal Units’ 
Accuracy is 
25% of Scale 


ASHLAND, MASS. Fenwal en- 
gineers here have designed a new 
Controller using a thermistor and a 
simple electronic circuit, and the re- 
sult is a temperature-control system 
versatile and accurate to within .25% 
of scale. 

The thermistor principle is this: 
the electrical resistance of the sensing 
element decreases as its temperature 
rises. The resistance changes for very 
small temperature changes are large, 
making extremely accurate tempera- 
ture measurement possible. 

In the Fenwal system, the thermis- 
tor, with its amazing sensitivity and 
fast responses, feeds an electronic 
bridge circuit that uses standard 
tubes. The small thermistor probe, 
available in several styles, is mounted 
at the point you wish controlled. 

You can mount the compact Unit 
Controller up to 200 feet away from 
the control point without losing sensi- 
tivity. You can connect it with ordi- 
nary lamp cord. 

Tailor-Made Designs 

But possibly the biggest news in 
the design is the way the Unit Con- 
trollers can be assembled with a com- 
mon power supply, like building 
blocks, to provide you with a central 
system serving up to 100 control 
points. 

The units are, of course, ideal for 
use singly as well — each unit serving 
a single control point, each unit with 
its own power supply. 

The many possible combinations 
of units are known collectively as the 
Fenwal Series 53000. There are four 
standard temperature ranges for you 
to choose from: —100°F to 50°F; 
0°F to 150°F; 100°F to 300°F; and 
200°F to 600°F. Special ranges can, 
of course, be supplied in most cases. 

Each Controller includes a_po- 
tentiometer for temperature adjust- 
ment, which you can locate remotely, 
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FENWAL’S SERIES 53000 UNIT THERMISTOR CONTROLLER — Serves a single temperature 
control point, but can be combined easily with others, like building blocks, to make up a 
central system serving up to 100 control points with a single master control if desired. 
You should know about this. Write Fenwal for details. 





if you wish. For multiple units, you 
can have a single master control. This 
control will let you adjust a complete 
system. while permitting compensat- 
ing adjustment for each individual 
Controller, too. 

These Thermistor Controllers are 
already serving hundreds of com- 
panies in many industries. Why not 
yours? You'll be surprised how inex- 
pensive good control can be. 

Designers and process engineers — 
you will want to have details on this 
new advance in precision tempera- 
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ture control at your fingertips. Write 
for information on the Series 53000 
Unit Thermistor Controllers to 
Fenwal Incorporated, 362 Pleasant 
Street, Ashland, Mass. 


CONTROLS TEMPERATURE 
.. PRECISELY 





BRUSH ELECTRONICS CO. announces appointment of 
Maurice E. Eastin as general sales manager of this divi- 
sion of Clevite Corp. 


M. E. Eastin 


REMINGTON RAND UNIVAC announces appointment 


of Dr. Thornton C. Fry, well known mathematician, as 
senior consultant. 


ELECTRO-SNAP SWITCH & MFG. CO., Chicago, an- 


nounces its new president is Harold Ames, Jr. 


AIRBORNE INSTRUMENTS LAB., INC., announces ap- 
pointment of Dr. Bernard Salzberg as chief scientist of 
their Research and Engineering Div. 

W. L. MAXSON CORP. announces appointment of F.D. 
Vieth as western district manager. 

DUMONT LABS., INC., announces appointment of Burtis 


E, Lawton as senior applications engineer in the In- 
dustrial Tube Sales Dept. 

HAGAN CHEMICALS & CONTROLS, INC., has named 
Edwin A. Cunningham, Jr. manager of the new Pitts- 
burgh Production Engineerirfg Dept. 

CARBORUNDUM CO. announces election of William 
H. Wendel to newly-created position of group vice pres- 


ident. 


in l@) 


ANTIQUE 


ARE YOUR 


MICRO- 


MACHINING 
METHODS? 


ry 





Super precision collets for jewelers type lathes. 
Ideal for holding micro-drills or other parts 
where concentricity is important. Available 

from stock in complete range of sizes 
from .004” (.1 mm) to 5/16” (8.0 mm). 


People 


IN THE NEWS 


COOK ELECTRIC CO. announces promotion of Thomas 
Dunsheath to technical director of the automatic control 
system section of Cook Research Labs. 


Ae i 
T. Dunsheath J. Stitzer R. Sackman 


BETA ELECTRIC DIV., Sorenson & Co., Inc., announces 
advance of Jesse Stitzer to chief engineer. 

AMPEX CORP. announces election of Robert Sackman 
as general manager. 

FEDERAL TELEPHONE AND RADIO CO. announces 
election of Major General Francis H. Lanahan, USA 
(Ret.), president of Federal Electric Corp. Henry O. 
Wolcott is appointed chief engineer and_ production 
manager for the Instrument Div. 





USE THE PERFECT COMBINATION 


For Assured Accuracy 


in MICRO-DRILLING 


SPHINX 


HIGH SPEED STEEL * MICRO-DRILLS 


Drills from .0016” to .0591” are stocked 
in increments of .0004” (.01 mm). From 
.0610” to .1181” in incre- 

ments of .0020” (.05 mm). 

Left hand micro-drills for —. 

use on Swiss type auto- 

matic screw machines. 

Short flute center drills. 

Send for Bulletin ‘Q’’ list- 

ing complete line of drills 

or Catalog M listing collets 

as well as full line of instru- 

ment lathes and accesso- 

ries. 


LOUIS LEVIN & SON, INC.—3610 S. BROADWAY—LOS ANGELES 7, CALIFORNIA 
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in either straight or 90° angle 
n for ease of installation. 













Available 
through 
your... 









Ae °) (\\ ee 
OAK NN 


new thermocouple 
is spring loaded 
fo maintain 
continuous contact 









This new Honeywell thermocouple keeps in continuous 
contact with the work surface, even though the surface may 
expand, contract or become displaced during operation. It 
assures accurate temperature measurement of internal 
surfaces such as those of plastic extrusion machines or 
generator bearings. 














The tip of the thermocouple is held securely against the 
work surface by an Inconel-X spring. Moreover, the spring 
permits insertion of the thermocouple in holes varying up 
to + %”" from the specified depth. 








For easy inspection and replacement, the thermocouple 
assembly is provided with a bayonet adapter to fit a 1,” 
NPT pipe connection. The assembly itself is fitted with a 
corresponding cap to engage this adapter. 









Call your nearby Honeywell Supplies Man for complete 
details. He’s as near as your phone. 











MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, Wayne and Windrim Avenues, Philadelphia 44, 
Pa.—in Canada, Toronto 17, Ontario. 











MIiEeNnNn BAP OLLI S 
Honeywell 
a 


Tout we Covitiols 










Allen-Bradley 


developments 


GREATER COLOR PURITY— BETTER CONVERGENCE 





FULL ROUND YOKE CORES 


FOR COLOR TV 
ALSO BLACK AND WHITE 





Allen-Bradley has developed a method of producing 

ferrite deflection yoke cores as a full 360° ring! Unlike 

cores made from quarter rounds, the new full round 

cores are perfectly concentric and have parallel inner 

surfaces. They require no grinding. The round 

rings are “cracked” into halves and taped for , 
shipment. Assembly is quick and economical. The — = yee Mee ~ 
tape is rolled back, the core is slipped over the coils, full sn and are 
and the tape put back in place. The core’s concentricity “cracked” into halves 


assures better convergence and greater color purity. — taped, as A ae 
or easy assembly. 











FLARED YOKE FERRITE CORES 


FOR NEW 110° TUBE ... SAVES WEIGHT 


For the new 110° picture tube, Allen-Bradley has devel- 
oped a flared yoke ferrite core whose outer surface 
is also shaped to reduce the amount of material 
required. This makes possible a weight reduction of 
approximately 30% over conventional cylindrical cores. 
The new flared yoke is produced as a solid piece but, 
with the Allen-Bradley method, the yoke is “cracked” 
into halves, yet a perfect ring is maintained. Avail- 
able in Allen-Bradley Class WO-1 
ferrites which are to be preferred 
because of their uniform magnetic 
characteristics. 


Allen-Bradley Co. 
140 W. Greenfield Ave. 
Milwaukee 4, Wis. 
FERRITE SAVED In Canada— 
BY CURVED SHAPE —— Allen-Bradley Canada Ltd., Galt, Ont. 




















7 
ALLEN - BRADLEY 


RADIO, ELECTRON AND TELEVISION COMPONENTS 
—j QUALITY 


For more informatien circle 97 on inquiry card. 


February 1957—Instruments & Automation—Page 223 





aksiaaelant-iene-lelela 
research 
and 


flight test 
engineers 


find careers in 


at Republic Aviation 


Action delay —the time lag between the 
brain sensing a signal and converting it 
into muscular energy — becomes critical 
in piloting hypersonic aircraft. 


Republic Aviation, pioneer in jetcraft 
and missiles, needs instrumentation re- 
search and flight test engineers to de- 
velop electromechanical brains, nerves 
and muscles—to develop electronic neu- 
ral systems with minimum action delay. 


Working at Republic in electronics in- 
strumentation you will raise the safety 
and performance coefficients of the men 
operating the most advanced mechanical 
ensembles yet devised.* 


Here are some of the stimulating assign- 
ments awaiting you at Republic: 


INSTRUMENTATION RESEARCH 

® Servo Systems Analysis 

@® Analog Technique Development 

® Automatic Data Processing 

® Development of Magneto-strictive 
Units 

B High Speed Oscillographic 

Recording 


INSTRUMENTATION FLIGHT TESTING 


® Airborne Magnetic Tape Systems 

@ Airborne Telemetering Devices 

@ Transducer Development in 
Recording 

® Advanced Circuitry 

®@ Flight Test Instrumentation 
Installation 


*For example, the incredible Republic 
F-105 Thunderchief, most advanced 
and lethal hypersonic USAF fighter- 
bomber, capable of delivering atomic 
payloads. 

To learn more on career positions at 
Republic Aviation in electronic instru 
mentation, send a complete technical 
and personal resume to: 


.. George Hickman 
Engineering Employment Manager 


- Events 


For Computer Events See Page 289 


March 4-8 

Eighth Pittsburgh Conference on 
Analytical Chemistry and Applied 
Spectroscopy, Penn-Sheraton Hotel, 


Pittsburgh, Pa. 


March 5-8 

1957 Conference on High-Speed Com- 
puters, Louisiana State University, 
Baton Rouge, La. For information 


| write Frank T. Carroll, Jr., College 
| of Engineering. 


March 11-14 


| The IRE Professional Group on Nu- 


clear Science is cooperating with the 
EJC Second Annual Nuclear Science 
anc Engineering Congress in Phila- 
delphia. For information write Dr. 
Sidney Krasik, Editor, IRE—PGNS 


| Transactions, 5621 Wilkins Ave., 


Pittsburgh 17, Pa. 


March 18-21 

Institute of Radio Engineers Nation- 
al Convention and Radio Engineering 
Show, Waldorf-Astoria Hotel and the 


| New York Coliseum. For more infor- 
| mation write IRE, 1 E. 79th St., N. Y. 
iB Be eg 


March 19-21 

151st National Meeting American 
Meteorological Society, Univ. of 
Chicago. For information write Louis 
J. Battan, Univ. of Chicago, Chicago 
$7, Tl. 


March 25-28 
Physical Society Exhibition of Scien- 
tific Instruments and Apparatus, New 


and Old Halls of the Royal Horticul- 


tural Society in Westminster, London. 
For information write J. E. Reeve, 
Commercial Dept., British Embassy, 
Washington, D. C. 


March 26-27 

Conference on Instrumentation for 
the Iron & Steel Industry sponsored 
by the Pittsburgh Section of I. S. A., 
Hotel Roosevelt, Pgh. 22, Pa. For in- 
formation write Fred D. Marton, 845 
Ridge Ave., Pgh. 12, Pa. 


April 8-11 

14th Annual British Radio and Elec- 
tronic Component Show, Grosvenor 
House and Park Lane House, Park 
Lane, London, W. 1. For informa- 
tion write Andrew Reid, Radio In- 
dustry Council, 17 Fleet St., London, 
EC4, England. 


April 10-12 

First National Nuclear Instrumenta- 
tion Conference, Atlanta, Georgia, 
sponsored by ISA. For information 
write Herbert S. Kindler, Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


April 11-13 
Ninth Southwestern I.R.E. Conference 


and Electronics Show, Shamrock Ho- 
tel, Houston, Texas. 


April 22-24 

IRD’s 3rd Annual Conference on Con- 
trol System Applications, Northwest- 
ern Univ., Evanston, II]. 


May 1-3 

Electronic Components Symposium, 
Morrison Hotel, Chicago, Ill. For in- 
formation write J. S. Powers, Elec- 
tronic Components Symposium, 84 
E. Randolph St., Chicago 1, III. 


May 9-10 

1957 Annual Meeting of the Profes- 
sional Group on Microwave Theory 
and Technique, Western Union Audi- 
torium, New York, N. Y. 











BALZERS 











ane 


Cccaiif) 5 


CABLE ADORESS 


[hin Eula Optics 
From the Principality of Leichtenstein Swiss Customs Area 


Front Surface Mirrors, Cold Mirrors, Achromatic Beam Splitters, 
Dichroic Beam Splitters, Monochromatic Interference Filters, 
Wedge Interference Filters, Heat-Reflecting Interference Filters, 
Cut-Off Filters, Anti-Reflection Coatings, Heat Protective Coat- 
ings and many other thin layers. 


ADDRESS REPLY TO 


Robert M. Lynn 


(ROLYN COMPANY) -- ESTABLISHED 1923 
OPTICAL — GLASS — PHOTO 
319 North Santa Anita Ave. « Arcadia, California 


P.O. BOX 745 


““ROLYN’’ LOS ANGELES 
ARCADIA, CALIFORNIA 


PHONE: DOUGLAS 7-2300 


STEP UES L Aa 
AVIATIOay 


Farmingdale, Long Island, New York 











Balzers means research in high vacuum process 
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Why does 
the 


MOVEMENT 


in the 
ASHCROFT 
DURAGAUGE 
Outperform all 


other types? 


ROTARY GEARED MOTION, the most 
efficient and perfect method of transmitting 
mechanical motion ever developed. Because rotation 
is around a fixed center, pointer position is always 
positive. No other type of movement can ever 
achieve this result. 








Your Industriai Supply 
Distributor will gladly help 
you select the right Ashcroft 


Coupled to the movement is a one-piece 
connecting link that guarantees correct calibration 
Duragauges for your partic- and prevents slippage or parting under tension. 
ular needs. You can always Accurate recalibration is easy from front or rear 
depend on him for prompt of the movement. Universal adjustability permits 
service. the use of uniformly graduated dials, thereby 
facilitating maintenance. 





The Ashcroft Duragauge is available with 
all-stainless-steel movement or stainless steel with 
nylon bearings and pinion gear. There are case 
designs and materials, Bourdon tube materials, 
pressure ranges and dial sizes to meet your service 
conditions exactly. Save time, trouble and money. 
Specify the pressure gauges of highest sustained 
accuracy and durability — Ashcroft Duragauges. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


| ASHEROEPT «c.4i10¢. LS 


MaRwet A product of MANNING, MAXWELL & MOORE, INC. stratrorD, CONNECTICUT 
MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. 
“SHAW-BOX’’ AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 


Muskegon, Mich. 
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Design for 
fade-free service 
with Mallory 
Mercury Batteries 
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TIME—-~ 
One of the most unusual characteristics of unique 
Mallory Mercury Batteries is that they stay at 


constant output throughout their long life . . . instead 
of gradually losing power like conventional batteries. 


This characteristic is especially important in tran- 
sistor circuits, which require a constant energy source. 
In instrument circuits and bias cell applications, 
the constant voltage output of Mallory Mercury 
Batteries protects accuracy and serves as a reliable 
secondary voltage standard. 


Pioneered and refined by Mallory during many 
years of leadership in battery progress, the mercury 
battery has made available to designers a portable 
energy source with qualities never before approached. 
Its high energy in small volume permits miniaturizing 


Parts distributors in all major cities stock Mallory 
standard components for your convenience. 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 


equipment to new standards of compact size . . . for 
portable radios, portable instruments, military elec- 
tronic equipment. Its extremely long life . . . several 
times that of conventional batteries... multiplies 
reliability of equipment, reduces frequency of battery 
changes, increases consumer acceptance. Its ability 
to withstand high temperature and humidity extends 
the field of application of self-powered equipment. 
And its low cost per hour of service makes new 
battery-operated products economically attractive. 


Write to Mallory today for technical data on the 
complete line of voltage and milliampere-hour ratings 
available, and for a consultation with a Mallory 
battery specialist. 
Expect more. 


get more from 
ee ee Sih 





"LORY &CO.In 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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Emery 


WEIGHING SYSTEM 


BIN, TANK AND HOPPER EDITION 


, 


No. 3 


Covering design, development and application data on Emery Weighing Systems for industrial applications 


SIMPLEST APPLICATION OF EMERY 
WEIGHING SYSTEM INVOLVES ONE 


EMERY CELLS 


USE HEISE 


GAUGES FOR MAXIMUM 
OPERATING ACCURACY 


More than 100 years ago, 
Eugene Bourdon, of Paris, dis- 
covered that tubes of non- 
circular cross section perman- 
ently bent in the form of a 
semi-circle, tend to unbend if 
subjected to internal fluid pres- 
sures. Such tubes have become 
known as Bourdon tubes. Fig. 1. 


The Heise Bourdon Tube 
Company, Ine., Newtown, 
Conn., has been developing and 
manufacturing these gauges for 
more than 25 years and has 


FIGURE 2 


Z “ar 
ee MER 
c 
° 


~ PRECISION 
OA since 

tae 

g 


* 


earned a world-wide reputation 
for precision workmanship and 
precision accuracy. 


We were the first to use 
these Heise gauges in our test- 
ing machine work and we have 
continued to apply them to 
the present Emery Weighing 
Systems. 

In remote indication ap- 
plications, specially installed 
Emery indicators have proven 
satisfactory for distances up to 
125 feet. The quick response 


of these indicators is 
due to the relative in- 
compressibility of the 
hydraulic fluid in the 
system. The cell will 
automatically | com- 
pensate for any volu- 
metric changes in the 
weighing system with- 
out sacrificing accu- 
racy. Pressure from 
the Emery Cell to a 
suitable indicator, re- 
corder or controller is 
carried through Ye” 
copper tubing. Fig. 2. 


CELL AND APPROPRIATE 
INSTRUMENTATION 


TANK, BIN OR HOPPER MAY BE SUPPORTED OR SUSPENDED 




















FIGURE 3 


The tank shown in Fig. 3 
is one of the simplest arrange- 
ments of an Emery Weighing 
System utilizing the new ‘‘Roll- 
ing Ball’’ Load Cell. It consists 
of one Emery Cell to support 
the front end of the tank and 
two Emery Ball Pivot Assemblies 
Or some other support such as 
an “I beam for the back of 
the tank. 


The hydraulic pressure in 
the cell actuctes an indicator, 
recorder or controller which is 
so calibrated that it reads di- 








EME 
2 eee 


rwth\ 
WEIGHING 
SSTEINS 


<o. 
a5 emneRy Sek 





fifteen 
ments discussed in detail in 
our new Bulletin 561. 
you have not yet received 
a copy, be sure to write to- 
day or check 
number 
Service Card in this publi- 
cation. We will be happy to 
send you a copy by return 
mail. 


NOTICE 


These are but three of the 
different arrange- 


If 


the proper 


on the Readers’ 

















rectly the weight of the tank 
contents. 

The basis for the arrange- 
ment of the tank shown in Fig. 
4 lies in the use of a compres- 
sion cell and a carrying struc- 
ture to seat the load directly on 
the cell. 

The alternate arrange- 
ment, shown in dotted line, in- 
volves the use of a tension cell 
supported from the floor above 
with the weight of the tank 
suspended on a rod_ which 
would go directly through the 














FIGURE 4 


THE A. H. BMERY COMPANY 


‘ 
” FAsuee 


Pine Street e New Canaan, Conn. —s 
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fantastic! 
—100°C to 900°C 


with .01 C sensitivity 


f Peers incredible... but absolutely true! 
For the first time ever, here is the only ther- 
mometer which covers a range from—100°C 
to 900°C, with .01°C sensitivity and digital 
reading of temperature directly. 


read temper ture directly - no calculations necessary 


P High Accuracy 
.10°C up to 400°C .20°C up to 900°C 
» ace seem bulb and bridge individually cali- 
rated. 
P Vacuum sealed platinum elements and leads in resist- 
ance bulb: 
¢ Hermetically sealed head 


ELECTRONIC > Plug-in controller accessory with .08"C reproducibility 


Resistance Thermometer 


HOW IT WORKS: PRICE LIST: 

By means of a special circuit in the Wheatstone bridge, 23525 Electronic Resistance Thermometer without 

the reading of the balancing variable resistor is made to bulb. Either 23525D or 23525E or both 

follow a second degree relationship corresponding with the ee eee ee tee ee eee 

change in resistance of platinum with temperature. This be ordered at the same time as the ther- 

gives a direct reading instrument which eliminates the mometer and these will be individually cali- 

time consuming calculations normally required with high brated : 1105.00 
precision resistance thermometry. A high sensitivity elec- 3525D Stainless Steel Bulb, only 395.00 
tronic detector permits rapid and precise balancing of the 23525E Quartz Bulb, only 395.00 
bridge. 23525F Temperature controller, only ...........::0cceee000. 112.50 


Q She ENIL GRE: IVER CO. For Complete Information Write For Bulletin 
Se 20-26 N. MOORE STREET, DEPT. 230, NEW YORK 13, N. Y, 
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WESTON inouctronic® 


ad 10] ©) Ul Om ae. 1 3-1 0) AYA |. 


— produces a direct current proportional to 
the product of two varying electrical signals 


four-quadrant operation 
Seeriaping ean precise ...0.1 per cent 
(cover removed) . : fs 
= permanent calibration constant 
speed — 15 millisecond period 


especially suited to a-c d-c measurements 


This Weston Product Resolver employs an electronically 
balanced electrodynamometer instrument mechanism to 
develop a product output signal from two input signals by 

x - torque multiplication. The Inductronic® balancing system 
sieaatiaems provides precise and rapid response, and an exceptional 
~ order of response to displacement. The mechanism is unique 


to this purpose and stems from Weston’s long experience 


WES I O N in the design and manufacture of precision dynamometer 


INSTRUMENTS mechanisms. The complete story on the Model 1482 Induc- 
. tronic Product Resolver can be obtained from your local 

sdisvernce: tr representative or by writing Weston Electrical Instrument 

od Corp., Newark 12, N. J., A subsidiary of Daystrom, Inc. 
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ANNOUNCING 
NEW | iispace roctetan 


'DEKORON 
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You can’t beat all-plastic Dekoron Poly-Cor 
for chemical resistance or for ease of installa- 
tion. And now, the new Dekoron Instrument 
Tubing Harness adds yet another revolu- 
tionary feature—/fire resistance. 

For example, in the direct flame of a cutting 
torch, it lasted longer than any other multiple- 
tube harness. Use it in areas where flash fires 






































are a hazard. And new Dekoron Instrument 
Tubing Harness is rugged, too. You can bury 
it and forget it. 


You get all the advantages— chemical, 
impact and fire resistance —with new Dekoron 
Instrument Tubing Harness. Remember, you 
can burn it... you can bang it... you can 
bury it. And you can buy it now. AA-4968 


oduct 


QUALITY « RESEARCH «+ SERVICE 
SAMUEL MOORE & COMPANY ¢ DEKORON PRODUCTS DIVISION * MANTUA, OHIO 
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SIGNIFICANCE 


Carbide and Carbon Chemicals 


Company (a Division of Union Car- 
bide and Carbon Corporation) de- 
signs, builds, and operates plants— 
from titanium plants to nuclear re- 
actors. E. Ivan (Tommy) Thomas is 
Chief Instrument Engineer and As- 
sistant in Charge of the Instrument 
Division of Carbide and Carbon 
Chemicals Company, South Charles- 
ton, W. Va., a key position within a 
key phase of industrial instrumenta- 
tion. 

The Carbide and Carbon Chem- 
icals Company at South Charleston 
produces many of the company’s bulk 
organic chemicals such as acetic an- 
hydride, ethanol, the butyl com- 
pounds, and many of the so-called 
“fine chemicals.” The South Charles- 
ton plant was the first of the Chem- 
icals Company plants to produce and 
ship Prestone anti-freeze, and Viny- 
lite and Polyethylene resins. Also lo- 
cated at South Charleston are the 
Research and Development centers 
and the Chemicals Company Design 
and Construction Engineering groups. 
These latter groups are dependent 
upon one or more of the Instrument 
Division’s departments for instru- 


E. IVAN 


E. Ivan Thomas, better known as 
Tom, started his career in instru- 
mentation with Carbide and Carbon 
Chemical Company, South Charles- 
ton, W. Va., late in 1933. Graduating 
from West Virginia University with 
a major in chemistry and minors in 
physics and business administration, 
he was employed in the Meter De- 
partment of Carbide to await a trans- 
fer to the Control Laboratories. Need- 





Tommy's pioneering work in the de- 
velopment of "instrument-quality” 


plastic tubing changed the cost pic- 
ture for pneumatic instrument in- 
stallation. Tommy's newest article 
"Cost of Pneumatic Control Sys- 
will appear in our March issue. 


tems, 





INSTRUMENTS 
an 
AUTOMATION 





Biographies 


of significance 





mentation problems. 

Mr. Thomas, well known as “Tom- 
my” throughout the field, has been 
behind several developments of our 
field that must be rated near the top 
of any listing of important instru- 
ment developments of our time. For 
example, he was the developer of 
polyethylene plastic tubing for in- 
strument air service (see /&A, Octo- 
ber, 1954), which changed the entire 
cost picture of the pneumatics vs elec- 
tronics debate and restored pneumat- 
ic instrumentation to a competitive 
position vis-a-vis electronics. We are 
proud to acknowledge Tommy 
Thomas’ unique and fundamental 
contributions to our field, and his 
important position within it. Typical 
instrument activities at his plants are 
shown on pages 258 and 259. 


THOMAS 


less to say, this transfer was never 
made. 

Tom was instrumental (no pun 
intended) in applying conventional 
industrial controls, as they existed in 
1934, to approximate composition 
changes in continuous distillation 
columns. Early in 1935 he was sent 
to Whiting, Indiana, as an instru- 
ment engineer, to help in the start-up 
of the new plant built there by Car- 
bide. Later that same year he spent 
considerable time in developing an 
ethylene purity analyzer. 

Practically all facets of Carbide’s 
instrument work have at one time or 
another been Tom’s responsibility. 
Under his supervision a file system 
was originated for the permanent 
records of all the major instrument 
items used within the South Charles- 
ton Plant to provide statistics as to 
the location and service history of 
each instrument. In order to operate 
an instrument store during World 
War II with untrained personnel, 
handling approximately 15,000 items, 
a system for identification, inventory 
control, and accounting was devised 
and is still in use today. Many other 
procedures and duties were set up 
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under his supervision to develop a 
fast-growing instrument group into 
an Instrument Division with a mini- 
mum of red tape and personnel. 

Some of his major engineering 
jobs have been the instrumentation 
of plants for the production of sty- 
rene (used in the manufacture of 
artificial rubber during World War 
II), complete instrumentation of the 
initial Chemicals Company plant at 
Texas City, Texas, and the responsi- 
bility of instrumentation engineering 
pertaining to all new plants and ma- 
jor additions to the existing plants 
for the Chemicals Company in the 
United States—and also for foreign 
countries. Tom has acted as Carbide’s 
Chemicals Company consultant on in- 
strumentation for such new projects 
as UCC Silicones Division plant, the 
Electro-Metallurgical Company’s ti- 
tanium plant, and for the ANIC SpA 
plant for Italy, as well as many 
others. 

Some of his developments, in addi- 
tion to crude type analyzers in the 
°30’s for ethylene and oxygen, are 
mechanical designs for automatic de- 
vices that are largely responsible for 
converting some types of batch proc- 





Why is COUNTROL 


important in every business today? 























Countless times a day, every business needs to know 
“how many? ... how much?.. . how far? .. .”’ and 
many other questions that can be answered only by 
facts-in-figures. But how to get these figures . . . from so 
many different machines, processes, operations and 
systems? Veeder-Root Counters are doing it 

every day, by means of: 

















MECHANICAL COUNTING 


Small Resets count strokes, turns, or pieces. . . 
are used by thousands for moderate duty in , 
parts inspection, quality control, conveyors, ELECTRICAL COUNTING 


machine tools, light presses, etc. These remote-indicating counters bring your 


production machines as close as your office 
wall. AC or DC, they can be connected in series 
with any simple switch, and will transmit pro- 
duction figures instantly over any distance. 
May be panel-mounted in groups. 


HAND COUNTING 


Where objects or units cannot be counted elec- 
trically or mechanically, hand-operated count- 
ers like this Hand Tally do the job. For in- 
stance, quick spot checks of production or 
performance, traffic count, inventory, etc. Fits 
palm of hand, counts one for each pressure of 
thumb levef, resets to zero by turning knob. 


CONTROLLING 


Set it for the exact number of turns, pieces, or 
operations required . . . and this Predetermin- 
ing Counter will control the run exactly . . . pre- 


venting over-runs and shortages. When the 
VE E DE R=. RO OT predetermined number is reached, counter will 
light a light, ring a bell, or actuate a stop-motion. 


cou NTE RS IN SUM: If it can be counted or controlled .. . 


count on Veeder-Root to do it. Get in touch with your 
from your Ind ustrial Industrial Supply Distributor for standard counters 
l Di ib for application to your production machines and proc- 
Ss UPP y istributor y esses. And get in touch with Veeder-Root for counters 
LL eT eT / to be built into original equipment. Veeder-Root 
ean Re ai nag Inc., Hartford 2, Connecticut. 
For more information circle 44 on inquiry card, 
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esses to semi-continuous processes, 
as well as a successful valve for super- 
pressure applications, and a_ novel 
purge unit for the addition of inert 
gas to instrument leads. 

Some of his most recent develop- 
ments are the multitube polyethylene 
vinyl sheath tubing for instrument 
air service, which has been used to 


simplify and reduce the costs of in- , 


stalling instruments (installations to- 
talling over 125 miles of this tubing 
have been successfully used by Car- 
bide), the simplification of unit panel 
construction, and a novel graphic 
panel using a projector and slides of 
the pertinent flow sheet data. 

Tom keeps well informed on new 
developments in the field of instru- 
mentation by reading and scanning 
technical magazines and by working 
closely with the technical personnel 
of many instrument companies. He 
has also developed better methods 
and new uses for materials to apply 
and install instruments, the results 
being considerable savings to his 
company. To aid in these develop- 
ments, economic studies are made 
and an Engineering Test Laboratory 
is operated to evaluate major new in- 
strument items, materials, and ideas. 

Tom has been a subscriber to /&A 
since the late 30’s. He tells us, “Since 
starting in this broad field of en- 
deavor, I have used the issues dating 
back to Vol. 1, January 1928, as a 
reference and text to learn about in- 
strumentation. The magazine /&A 
subscribed to by Carbide here at 
South Charleston and is routed to all 
of the instrument engineers and to 
others within the Division. I, of 
course, have my own personal copy.” 

At present, Tom is Chief Instru- 
ment Engineer and Assistant in 
Charge of the Instrument Division of 
Carbide and Carbon Chemicals Com- 
pany at South Charleston, which con- 
sists of a Special Instrumentation De- 
partment for research and develop- 
ment, a Chemicals Company Instru- 
mentation Engineering Department, 
an equivalent department for the 
South Charleston plant, and a Plant 
Maintenance Department. The total 
personnel employed by all these de- 
partments is 160. 

Tom is married to Mary K. Adams, 
who was formerly an instrument engi- 
neer for Carbide, and has three sons 

Charles 15, Clifford 4, and Bruce 
2. His favorite hobbies are fishing 
and working on projects around the 
house, and he enjoys a good football 
game, a boxing bout, or a hockey 
match, 











TEKTOR, Electronic Level Control 
safe for hazardous locations 


Practically every plant can improve level control electronically—and 
meet safety requirements—now that the entire Fielden TeKTor System 
is UL listed and FM approved for Class I, Groups C and D, and Class 
II, Groups E, F and G, hazardous locations. 

This explosion-proof unit features a specially-designed ferralloy hous- 
ing and Teflon* insulated probe. Available for fail-safe high or low level 
control, it features the same simple and versatile capacitance circuitry 
found in the standard TEKToR unit. 


iat 


Probe 
115 VAC TEKTOR features 


e Controls level of liquids, liquid 

TEKTOR interface, powders, granular 

Indicator solids (conducting or non- 
conducting) 


As level changes, capacitance at the probe e Responds to changes as small 
also changes and energizes a relay. fiesenn as 1/16” in aqueous solutions 
flashes a warning and can operate controls 

to keep level re exceeding desired limit. - pan ay sg parts—only one 


*Trade-mark for Du Pont 
tetrafivoroethyiene resin. 


NEW EXPLOSION-PROOF TEMPERATURE CONTROLLER 


Fielden’s sensitive Series 97 Controller is now avail- 
able in explosion-proof design for hazardous loca- 
tions. Used with resistance temperature detectors, 
this controller actuates two-position control devices 
with changes as small as +0.2° F. Ranges from 
—330° F. to +1382° F. Lamps show whether tem 
perature is above or below control point setting. 


Write for literature 


Jp hota Kohortshaw Fulton 


YP” conTRots COMPANY all COMPANY 





FIELDEN INSTRUMENT DIVISION 
Dept. A, 2920 N. 4th St., Philadelphia 33, Pa. 


For more information circle 45 on inquiry card. 
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Operators in the foreground are trimming resistors down to 
close approximation of their final values, guided by L&N 
No. 4760 Bridges. 


8&8 LEN Bridges work 
ROUND THE CLOCK 


on resistor calibration 


After the resistors are annealed to stabilize their 
Continuous operation on production work is an exact- resistance values, they are more precisely ad- 
ing job for any precision instrument. But Resistance justed with an LEN No. 4725 Bridge. 
Products Company, Harrisburg, Pa., depends on L&N 
Bridges to measure precise resistors on a two and 
three shift basis. Some bridges have been in operation 
as long as nine years without any attention except 
routine maintenance. 


Low maintenance and high precision are especially 
valuable, since many RPC resistors must be adjusted 
to a high accuracy, for use in guided missiles, com- 
puter networks, printed circuits, etc. 


If we can help you select instruments for similar 
applications, from L&N’s line of rugged, precise bridges, 
galvanometers and potentiometers, just let us know. A 
Field Engineer will either call or send printed infor- 
mation as you wish. Please write us at 4955 Stenton 
Avenue, Philadelphia 44, Pa., for Data Sheet Group 
E-53 describing L&N Bridges. 


Ul If an even higher degree of accuracy is required, 
the resistors are further adjusted with an L@N 


LEEDS [IN NORTHRUP No. 4230 Anthony Pattern Bridge. 


instruments automatic controls ¢ furnaces 





For more information circle 46 on inquiry card. 
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INSTRUMENTS and AUTOMATION 





AUTOMATION: The use of devices—mechanical, pneumatic, hydraulic, electrical and elec- 
tronic—for making automatic decisions and efforts—M. H. Aronson, Editor 


Instrumentation—1956 


ANY exciting statistics can be cited to dramatize 

the growth and development of the instrument 

field in 1956, but figures are deceptive unless ana- 
lyzed in terms of population growth and inflationary 
price increases. It is more useful to examine the specific 
concepts and ideas and equipments that received the 
most attention and had the greatest impact. 

Instrumentation developments in 1956 should be dis- 
cussed in two broad categories—concepts and hardware. 

The new concept that received the most attention in the 
technical press was the “systems concept,” a term apply- 
ing to the analytical engineering approac’ to the control 
of an entire operating system, as opposed to control of its 
sub-units. The systems concept broadens the control 
function to include considerations heretofore considered 
managerial, and the year saw the emergence of several 
firms with excellent theoretical backgrounds specializing 
in “systems engineering.” However, the year 1957 began 
with a huge gap between the theory and practice of such 
systems engineering. Practical application of systems 
engineering presupposes intimate and detailed informa- 
tion on the response characteristics and transfer func- 
tions of every unit in the system, which data are not at 
present available or attainable by the consulting agencies. 

Systems engineering will become practical when it 
becomes possible to obtain the response characteristics 
of every unit in the system. Work is now underway on 
developing these data—but the question is still unre- 
solved as to whether the data should be obtained by the 
men in the plant, who know the plant but who do not 
know the systems concept, or by the men who know the 
concepts but who do not know the plant. This is the 
unresolved question of 1956—and a big problem for 
1957. 

A second basic concept emerged as the year ended— 
optimal control. Control of a process via one or more 
of its variables has been the established method. The 
advantages of control based on an optimum combination 
of factors, rather than at one fixed or programmed 
value of the variables, has long been discussed theoret- 
ically—but the year ended with the introduction of 
an “Optimal Controller” which can maintain the opera- 
ting point of a process at an optimum value with respect 
to a secondary variable. This development opens entire 
new areas of control and is, like the systems concept, 


based on knowledge of the inter-action of the elements 
within the system. Its success will depend on how well 
these analytical data are developed—but the task of 
analysis for optimal control of one unit in a system is 
obviously less exacting than systems engineering of an 
entire system. Perhaps optimal control can be called 
the systems engineering of one unit operation, as op- 
posed to the systems engineering of a system with many 
units. 

It is of interest to note that both systems engineering 
and optimal control—the two most exciting concepts of 
1956—are essentially analytical techniques whose suc- 
cess will depend on how rapidly and how well all the 
system and its elements can be analyzed for use by those 
who wish to control the system more efficiently. 

A third concept that had great impact in 1956 was 
that of digital automation, which means the use of 
digital techniques in making automatic decisions and 
efforts. The basic techniques of counting and computing 
via binary, trinary or special coded systems (as opposed 
to the arithmetically complicated conventional decimal 
techniques) emerged in 1956 as the most efficient way 
of multiplexing, gaging dimensions, making logical deci- 
sions, performing machine control, and computing. 


Hardware 


The “hardware” news of 1956 includes (1) gaseous 
phase chromatography, (2) recording microbalances, (3) 
combination valve actuators, (4) data processors, (5) 
analog computers, (6) digital computers, and (7) ana- 
log-to-digital converters. 

Gas chromatography is being hailed as one of the 
most important analytical instrument developments in a 
decade because the simple instrument can perform both 
qualitative and quantitative analyses of materials whose 
boiling points are below 250°C. Both elution-partition 
(gas sample and liquid column) and absorption-dis- 
placement (gas sample and solid column) are used in 
commercial instruments, of which 1000 were sold in 
1956, according to industry reports, 

A second newsworthy event in analytical circles was 
the recording microbalance disclosed by Dr. A. Peterson 
of the Mellon Institute of Industrial Research. The 
Peterson technique involves the use of a differential 
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transformer to sense the beam displacement, and_re- 
sulted in a 10,000-fold sensitivity increase—permitting 
comparative weighings of the order of 0.01 microgram 
plus automatic recording and reduced sensitivity to vibra- 
tion. 

Several new combination valve actuators were intro- 
duced in 1956 to take advantage of the high speed of 
available electronic controllers and to remove the pre- 
viously existing response limitation associated with valve 
positioning. These actuators included electropneumatic, 
electrohydraulic, and pneumohydraulic actuators, whose 
combinations of techniques now make possible optimum 
use of available power sources to achieve the desired 
response characteristics. This was the big valve news 
of 1956. 

Data processors reached the “acceptance” stage in 
1956, and several complete lines of automatic data 
receivers, manipulators and digital recorders reached 
the debugged on-line stage. Refinements such as rapid 
pinboard-type setup and automatic checking were added 
in 1956. 

The analog computer is the equipment which makes 


possible “systems analysis”—if the system units are de- 
fined or definable. Any plant can perform its own 
systems engineering if it learns the techniques of analog 
simulation and analog computation. Management is 
awakening to the possibilities of analog computation, 
and the computer manufacturers are ready with a com- 
plete line of equipments of any size, including refine- 
ments such as automatic setup from typewriter-type in- 
puts, automatic checking features, arbitrary function 
generators, etc, These refinements were the analog com- 
puter news of 1956. 

The digital computer news of 1956 included the intro- 
duction of several general-purpose digital computers 
featuring small size, high flexibility, and adaptability to 
a host of engineering and scientific problems. Of partic- 
ular importance was the disclosure of random-access 
memories of multi-million-bit capacity, based on novel 
arrangements of tapes, drums, and discs, to achieve ran- 
dom access to any of millions of bits of data within a 
second or less. 

Tying the analog and digital fields together was the 
introduction of a beautiful array of analog-to-digital 
converters, permitting the conversion of analog data 
into digital data at rates from seconds to microseconds, 
using codes of many different types, and with outputs 
tailored to the needs of various industries. 


Automation Investigation No. 2 


For the second time, a Congressional investigating 
committee has investigated the automation industry. For 
three days (Dec. 12-14), representatives of our industry 
told the committee that: 

Automation is essential to the economy. 
Automation is essential to national defense. 

More students should study automation or other 
technical subjects in vocational schools. 

More students should study automation or other 
technical subjects in high schools. 

More students should study automation or other 
technical subjects in college. 

More and better teachers and courses are needed in 
vocational schools. 

More and better teachers and courses are needed in 
high schools. 

8. More and better teachers and courses are needed in 

college. 

9, Automation increases productivity. 

10. Automation increases the level of human activity, 

dignity, motivation, morals, etc. 

11. Automation equipment manufacturers need tax re- 

lief. 

Amen! But substitute the words mathematics, engi- 
neering, research, chemistry, physics, industrial arts, 
machine tools, medicine, etc., etc., for the word automa- 
tion and the statements are equally valid. Our view of 
the testimony is that “we love ourselves.” 

But the public will not read the excellent testimonials 
to our own importance. They will hear only that Con- 
gress has automation under continuous investigation, 
along with big business, big labor, and subversives. If 
any of the testimony finds its way into mass-circulation 
media, it will probably be the comment by union leader 
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George Meany (AFL-CIO) that job opportunities are 
the responsibility of American management, or the com- 
ment by one industry representative that “the concentra- 
tion of automation in a particular industry may consti- 
tute serious economic or social problems.” 

Most attention was given to two problems commonly 
associated with automation—economics and education. 
With regard to the economic implications of automation 
we repeat a comment from our reaction to the first 
Congressional investigation of automation, held October 
14-18, 1955: “We waited in vain for somebody to point 
out that the economic stability of the nation depends on 
factors other than automation the result of this 
investigation will be that more people will believe the 
myth that automation can create jobs and an expanding 
economy—or the opposite but equally mythical premise 
that automation can destroy jobs and cause unemploy- 
ment. Both of these myths turn attention away from the 
true heart of the investigation-—which is the question of 
how best to maintain our expanding economy.” We are 
still waiting. 

The problem of labor displacement or unemployment 
is basically that of finding a new job. If jobs are avail- 
able, the problem is personal—but not national; if jobs 
are not available, the problem is both personal and na- 
tional—but the problem is one of job availability. 

What then makes for job availability? The answer is 
an expanding economy, which leads to the key question 
—what makes for an expanding economy? 

Not being economists, your editors do not presume to 
tell either our readers or our Congressmen just how 
credit, prices, wages, interest rates, federal expenditures, 
etc., etc., influence the economic health of a country. 
But these are the matters that need investigation if the 





intent is an honest analysis of our economic state. 

The first Congressional investigation, having been in- 
stigated by labor, was top-heavy with labor experts who 
said, in effect, “watch out for automation—it can be 
beneficial or very harmful.” 

The second Congressional investigation, promoted by 
the ISA, was packed with industry spokesmen who said, 
in effect, “automation is simply the backbone of the 
nation.” Had our industry done a systems engineering 
job on the subject, it would have come before this Con- 
gressional committee loaded with engineering data about 
all the factors that establish the economic health of the 
economy (only one of which—and probably a second- 
ary factor at that—is productivity). We talk a lot about 
systems engineering—but we apply little of it within our 
own field and, apparently, even less outside of it. 


Automation and Education 

The situation viewed with the most alarm at the Con- 
gressional hearings had to do with education. It can be 
argued that as long as our populace will tolerate gradual 
deterioration of its school facilities, it will get that de- 
terioration. Our industry spokesmen were not the first 
to tell some Congressmen about the sad state of our 
schools. 

But even though federal aid to education is bogged 
down in politics, much can be done at the local level- 
and a program is underway in Pittsburgh, Pennsylvania. 
the nucleus of many other national movements in the 
field of automation, to attack this situation. It is de- 
scribed here as a constructive approach to the education 
problem, and one that can be followed by any group of 
engineers, any locality, any school system. 


A Proposal for a High-School Course 
In Automation and Industrial Technology 


Presentation made by Milton H. Aronson, Editor, Instru- 
ments & Automation, to the Board Committee on Education, 
Board of Public Education, Pittsburgh, Pa., Feb. 4, 1957. 


Ladies and Gentlemen of the Board of Public Education 
of the School District of Pittsburgh: 

It is with a sense of pride and an awareness of par- 
ticipating in what may be a historic development that | 
come before you today to propose a unique and pro- 
gressive plan for the high schools of Pittsburgh. I speak 
as chairman of a committee which has, for the past six 
months, been working on both the broad objectives and 
specific details for this plan, in close cooperation with 
school officials. : 

The committee of consultants, for which I am now 
speaking, and which has several members here for your 
questioning, is made up primarily of engineers and sci- 
entists representing the various types of industry located 
in the tri-state Pittsburgh industrial region. Organized 
labor also is represented on the committee. 


Trends in Technical Education 

It is apparent to all that modern civilization is based 
firmly on science and engineering, and that the sciences 
and related engineering skills are rapidly expanding 
fields. Monthly developments are reported by the hun- 
dreds in the technical press—entire new fields of en- 
deavor now evolve within the short space of a year or 
two. Progress in science and engineering has been such 
that new fields such as computers, nucleonics, tracer 
chemistry, data handling, servomechanisms and many 
others all need trained specialists in large numbers—in 
addition to the normal needs of industry and research. 
However, our supply of technically trained persons is 
woefully inadequate, not only for present needs but also 
for the mounting needs of the future. How should this 
serious national problem be attacked? 


The Place to Start 
National debates have raged with great intensity on 
the subjects of federal aid to legislation, industrial raids 


on teaching staffs, loans of part time teachers to schools 
by industry, etc., etc.—but little except talk has been 
done, at any level. It appears to this committee of con- 
svltants that the starting point, the heart of the entire 
problem, is the high school. Here is where the imagina- 
tion of the student must be captured and his first in- 
doctrination to technical education begin. That this is 
not occurring as it should is proved by the fact that 
progressively smaller percentages of high-school students 
are taking math-science courses, and by the obvious fail- 
ure of the average high-school system to keep its labora- 
tory facilities abreast of the new technologies of our 
times. 

For these reasons, this committee of consultants pro- 
poses a high-school course in the new technologies, a 
course in automation, which will be essentially a labora- 
tory-classroom course in instrumentation, electronics, and 
industrial chemistry. In this course the student will meas- 
ure and control the intensity of sound, the speed of mo- 
tion, the flow of liquid, the temperature of metal, the 
pressure of gas, the strength of material. The objectives 
of the course are: 

1. To increase the interest of students in modern tech- 
nology, including instrumentation, industrial chem- 
istry, and electronics. 

To induce students to go on to college to become 

superior workers in the fields of engineering and 

science of their choice. 

To train students for important positions as either 

technicians, junior engineers, senior engineers, or 

scientists, depending on their inclinations, opportuni- 
ties, and abilities. 

These three aspirations and objectives have equal 
weight and importance. They are all capable of realiza- 
tion because the proposed curriculum contains the funda- 
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mentals of the new technologies which are now the roots 
of both engineering and scientific work. 


The Course Content 


The committee of consultants feels that the basic ob- 
jectives can be realized by a course which contains the 
fundamentals of measurement, control, electronics, and 
industrial chemistry. They have agreed also that these 
fundamental subjects are so basic and so important that 
they are necessary to technical work of almost any type. 
Hence the proposed course is a fundamental technical 
course in technologies which are both basic and of grow- 
ing importance. The course content itself is given in the 
brochure prepared by the committee of consultants who, 
meeting once a week for six months with officials of the 
Pittsburgh School System, have outlined a full 3-year 
course in automation, with specialties in instrumentation, 
industrial chemistry and electronics. 

It is expected that the student electing the course will 
devote two hours per day in his sophomore, junior, and 
senior years to these subjects. There will be no interfer- 
ence with his normal high-school curriculum. The stu- 
dent, if qualified, will meet all college-entrance require- 
ments. Scheduling problems have been worked out in 
cooperation with school officials. 

The problems tackled by the consulting committee 
included: 

1. The preparation of a course that would both arouse 
the interest of students and educate them in important 
new technologies. 

2. The procurement of adequate facilities and equipment 
for the course. 

. The procurement and indoctrination of suitable teach- 
ers for the course. 

Problem 1 was attacked by developing the proposed 
curriculum, given here. 

Problem 2 was attacked by visiting the several high 
schools that had available space, examining their labora- 
tory, classroom and library facilities, and evaluating 
the location and environment of the school. A recom- 
mendation has been made by the committee to the Super- 
intendent of Schools that the course be started in Alle- 
gheny High School. Qualified students from other schools 
may select this course, which will begin at the 12th grade 
level in its first year (1957), the 11th and 12th grades 
in 1958, and will become a full 3-year curriculum in 
later years. 

The third problem—facilities and teacher procurement 
—was attacked by investigating possible sources for 
grants of both equipment and money on a local and 
national scale. An ambitious plan is underway to enlist 
the support of every technical society in the Pittsburgh 
area, under the chairmanship of a nationally known 
Pittsburgher, in attaining the three basic objectives. 
Equipment manufacturers already have pledged much 
equipment for the laboratory. Several possible teachers 
already have been approached, and _ indoctrination 
courses have been investigated for these teachers; such 
courses are available. 

This approach to the problem of technical education 
in the high schools is unique in several respects—it is 
the first to give such emphasis to the subjects of meas- 
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urement and control at the high-school level. These sub- 
jects are so fundamental that they could well serve as a 
base for an expanded technical education program ex- 
tending into related fields. Further, the plan to enlist the 
support of an entire industrial community through co- 
operative action of its many technical societies can have 
important implications for the future. 

The minimum objective for the first year is one class, 
one laboratory, and one teacher indoctrinated in the new 
technologies; the ultimate goal may well be a technical 
high school for Pittsburgh or similar programs for other 
schools. Present plans, of course, cover only the first 
year’s objective. 

Credit for the tremendous amount of work, as well as 
for the courage and vision required to plan this program 
with its many details, accrues to the committee of con- 
sultants and to the officials of the Pittsburgh School 
System who have worked with us on this project. This 
group feels that the proposed program is both practical, 
realizable, and important. Its importance stems from the 
fact that our schools, our teachers, our students need 
new approaches to the new technologies of our times. 
The proposed program aims at teaching these new tech- 
nologies, and at enlisting the support of our entire re- 
gional community in carrying out its objectives. 

Pittsburgh, Pennsylvania has been the nucleus for 
many, if not most, of the important national develop- 
ments in instrumentation and automation. It was the 
first—in 1928—to give birth to a national publication 
devoted to industrial instrumentation—Z/nstruments, the 
Magazine of Measurement and Control, now Instruments 
& Automation. It was the first—in 1939—to organize a 
technical society devoted to instrumentation, which local 
group formed the core for today’s Instrument Society of 
America. It will, we hope, be the first to offer a full 
high-school curriculum devoted to automation and the 
modern industrial technologies. 

It is fitting to conclude this presentation and proposal 
with a list of the men who have worked out the plan. 
Milton H. Aronson, Chairman. Editor, /&A. 

Lester R. Driskell, Principal Instrument Engineer, Blaw- 

Knox Company, Chemical Plants Division 
Dominic Dornetto, International Rep., UAW-CIO. 

James H. Greenwood, Chief Engineer, WCAE, Inc. 
Joseph Senyk, Head, Instrument Section, Engineering 
Division, Manufacturing Department, Gulf Oil Corp. 
Dr. Ernest O. Ohsol, Director Research and Development, 

Pittsburgh Coke & Chemical Company 
Dr. Axel Peterson, Head, Department of Instrumentation, 

Mellon Institute of Industrial Research 
George Karnofsky, Assistant Technical Director, Blaw- 

Knox Company, Chemical Plants Division 
Thomas C. Kenney, Chief Engineer, Station KDKA 
George W. Walther, Manager Chemical Production, 

Pittsburgh Coke & Chemical Company 

Equal credit is due to the officials of the School System 
who have given their time to work out the details for the 
proposed course with the Committee of Consultants: 
Dr. Earl A. Dimmick, Superintendent of Schools 
Charles F. Hoffmaster, Director of Vocational & Indus- 

trial Arts Education 
Dr. Evan Ingram, Associate Supt., Secondary Education. 





Oscar Schwarm, Dir., Guidance and Child Accounting 
Eugene Peckman, Senior Supervisor, Science and Math. 


Harold B. Black, Assistant Director, Vocational & Indus- 


trial Arts Education 


John H. Kudlik, Assistant Director, Vocational & Indus- 


trial Arts Education. 


Dr. John P. Schaefer, Director, Public Relations 





Automation Curriculum 


These 25 units represent a full 3-year 
course in all specialties. Each student will 
receive 4 or 6 units in his senior year, 4 units 
in his junior year, and 4 units in his sopho- 
more year (1! unit — | semester hour = | 
hour per day per semester). 


Unit |—Fundamentals 


a. Units—9F, °C, psig, psia, etc. 

b. Pneumatics, hydraulics 

c. Mathematics and slide rules 

d. Electrical fundamentals (ohm's law, 
series, parallel and bridge circuits) 

e. Basic chemical processes 

f. Safety 


Unit Il—Practical Skills 
a. Piping 
b. Soldering and Welding 
c. Wiring (relays) 
d. Sheet metal fabrication 
e. Chassis preparation 
f. Blueprints and flow sheets 
gq. Glassblowing 


Unit I1l—Basic Electronics 


a. Signa!'s and simple circuits 
b. Vacuum tubes and gas tubes 


c. Rectification and power supplies 
d. Amplifier circuits 

e. Oscillator circuits 

f. Signal shaping circuits 


Unit 1V—Test Instruments 


a. Dead weight checks 

. Manometers 

. Voltmeters—ammeters—ohmmeters 

. Tube checkers 

. Recorders—inking, oscillographs, tape 
. Amplifier—ac, dc, low-level 

. Power Supplies, regulated, unregulated 
. Analytical balance and burette 


Unit V—Thermometry & Pyrometry 


a. Mercury in glass 

b. Bimetal 

. Pressure-activated (gas, liquid, vapor 
f.lled) 

d. Thermocouples 

e. Potentiometers 

f. Wheatstone Bridges 

g. Resistance Elements 

h. Thermistors 

i. Optical Pyrometer 

j. Radiation Pyrometer 


Unit Vi—Pressure 


a. Bourdon gages 

b. Bellows gages 

c. Diaphragm gages 

d. Differential gages 

e. Pickups—load cells, strain gages, diff- 
transf, capacitance. 

f. Telemetering 


Unit ViI—Flow 


a. Orifice 

b. Pitot 

c. Rotameter 

d. Venturi 

e. Turbine 

f. Mass flow 

g. Positive displacement 


Unit Vili—Level 


a. Float Operated Instruments 
b. Gage Glasses 
c. Tank Gaging Systems 


Unit 1X—Advanced Electronics 
Unit X—Analytical Instruments 
Unit Xi—Radicactivity Instruments 
Unit XlI—Dimensional Gaging and 
Inspection 
Unit XI1I—Data Handling 
Unit XIV—Valves and Piping 
Unit XV—Controllers 
Unit XVI—The New Technologies 
Unit XVI!—Electronics Specialty 
Unit XVilI—Process Specialty 
Unit XIX—tIron & Steel Specialty 
Unit XX—Industrial Chemistry 
Unit XXI1—Machine Tool Field 
Unit XXll—Inspection Specialty 
Unit XXI11—Drafting Specialty 
Unit XXIV— Metallurgy Specialty 
Unit XXV—Mining Specialty 





Dear D. R.*: 

Your editors must be in a mood this month—because 
we've chosen to debunk everything from Congressional 
committees to computers. But too many persons in our 
field seem to be going around with swelled heads lately, 
so we decided to look at ourselves in a mirror and applv 
a little self-criticism via a few articles (“Myths of Auto- 
mation” by James Bright, and “Uncommon Uses for 
Common Digital Computers” by Martin Klein) and an 
editorial (“Congressional Investigation No. 2”). 

No doubt these will bring another flood of reader 
response (no, we will not say feedback) similar to that 
which you will find in the “Letters to the Editor” columns 
this month. This exchange of correspondence was 
prompted by our November editorial “The Effect of 
Automation on the Economy.” The reaction runs the 
entire gamut of human emotion and reason. Some of our 
more dedicated industry spokesmen think it is heresy to 
even suggest that our industry is not the sole bulwark of 
national prosperity and safety. But, as the only publica- 
tion which has for 30 years been fighting tooth and nail 
for industry recognition—and this includes the time when 
the industry was small and the fight really tough—we 
feel that we have a responsibility as well as a right to 
point out that (1) the recognition we are now getting 
from the general public, the press, the government, and 
neophyte editors and writers leaves a lot to be desired, and 
(2) our industry missed a golden opportunity to “system 
engineer” some pressing national problems in front of a 
Congressional committee. 


*Dear Reader 


Of course there is a lot more than “debunk” in your 
issue this month. First, there are two exclusive disclosures 
for you—the General-Purpose Integrator on pages 254- 
255 is the first such device designed to accept any analog 
signal and perform the specific integration needed for a 
host of test purposes, and (2) the new developments in 
production techniques for area meters on pages 256-257 
will revive interest in this phase of flow instrumentation. 

Second, the article “Electronic Counting” (No. 16 in 
your Digital Automation series) shows the power of 
modern counting technique in basic instrumentation. We 
placed this article immediately in front of the “General- 
Purpose Integrator” article because the two, combined, 
take you right up to the frontier of counting techniques. 

Finally, the article “Basic Analysis Methods for Nox- 
linear Control Systems” is a survey-type article which 
not only describes the features of phase-plane and de- 
scribing-function methods of system analysis, but also 
describes numerical, step-by-step, graphical, and equiva- 
lent techniques for system analysis. The bibliography in 
this article (page 267) is especially important because it 
covers a good part of the entire literature of the field of 
“systems engineering.” 

You will also find some provocative discussions in the 
Simulation Council Newsletter this month on the subject 
of “What’s Next in Analog Computers.” This is one field 
you are going to find in your future. 

Hope this finds you (reading) well and happy this 
month. 


Cordially, 
Milt and the Editors 
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Where do you belong in 


Computer Circuit Design Engineers plan elec- 
tronic circuitry for advanced airborne analog 
and digital computers . . . design linear and 
pulse circuits employing transistors, tubes, 
magnetic devices. Opportunities also exist 
in airborne power supply design, or to 
develop new techniques for marginally check- 
ing computer performance. Do you belong 
on this team? 


Harry Branning (center): B.S.E.E. 1950, 
Syracuse. Design Engineer in circuit design, 
1951; October, 1954, promoted to Associate 
Engineer; April, 1956, promoted to Staff 
Engineer, Systems Planning. In June, 1956, 
appointed Project Engineer and Manager of 
the 110 Computer Circuit Design Depart- 
ment; discussing the performance and pack- 
aging details of a transistorized read amplifier. 


fL 


Computer Logical Design Engineers determine 
the systems outline of a computer and its 
inter-connection with external equipment. 
Close liaison is maintained with mathematical 
support, circuit design, packaging and test 
engineers. Computer speed, memory size, con- 
figuration and arithmetic structure are tailored 
to requirements of weapons systems. Do you 
belong on this team? 


William Dunn (standing): M.E. 1950, M.S.E.E. 
1952, Stevens Institute. Technical Engineer, 
1955; April, 1956, promoted to Associate 
Engineer; August, 1956, transferred to De- 
velopment Engineering in charge of Logical 
Design for digital computers in advanced 
weapons systems; here discussing Boolean 
Algebra method of optimizing the logical de- 
sign of an airborne digital computer. 


ry 


Systems Evaluation Engineers test and evalu- 
ate electronic analog and transistorized digi- 
tal computer systems design for aircraft; 
evaluate new systems and improvements to 
insure compliance with specifications and Air 
Force requirements. Other assignments: tie- 
in testing of peripheral equipment, liaison 
with design, development and field engineer- 
ing. Do you belong on this team? 


Eli Wood (left): B.S.E.E. 1950, Connecticut. 
IBM Customer Engineer, July, 1950; Sep- 
tember, 1952, transferred to ACL Field En- 
gineering. February, 1954, in charge of Field 
Engineering at Hunter AFB; May, 1955, Asso- 
ciate Engineer; appointed Project Engineer, 
Manager of Systems Evaluation in August, 
1956; here investigating a problem in radar 
data presentation set evaluation testing. 


The brief records of the men cited 
above indicate only a few of the excit- 
ing activities right now in IBM Military 
Products. This division, organized 18 
months ago, has grown enormously. A 
small-company atmosphere prevails. 
Men work in small teams. . . individual 
contributions are instantly recognized. 
Promotions occur frequently. 

As a member of IBM Military Prod- 
ucts, you'll enjoy physical surroundings 
and equipment second to none. Educa- 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
TIME EQUIPMENT 
MILITARY PRODUCTS 
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tional programs at IBM expense lead to 
advanced degrees. Salaries and bene- 
fits are excellent. Stability is guaranteed 
by IBM’s history of consistent achieve- 
ment—underlined by the fact that the 
rate of turnover at IBM is only one- 
sixth the national average. 

Throughout the length and breadth 
of the United States IBM has built 
modern plants and laboratories. This 
map points out the various locations 
where you might live as an IBM em- 





MILITARY 
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IBM Military Products? 


Systems Engineers oversee the engineering 
support provided by the Systems Coordination 
and Specification Group to the factory on the 
AN/ASB-4 Bombing-Navigational System. 
Air Force requirements are analyzed and the 
resulting engineering changes evaluated to 
determine effect on system performance and 
accuracy. Mathematical error analyses are 
run. Do you belong on this team? 


Quentin Marble (left): B.S.M.E. 1951, Syra- 
cuse. Joined IBM in 1951; promoted to De- 
sign Engineer in 1952; May, 1955, promoted 
to Associate Engineer, and then to Project 
Engineer, Manager of the Systems Coordina- 
tion and Specification Group, Production En- 
gineering Department, in February, 1956; 
shown here describing a unique cooling de- 
sign to a new employee in his group. 


Systems Analysts anticipate performance and 
recommend design criteria before and during 
development of equipment. Later, they com- 
pare dynamic performance accuracy and re- 
liability characteristics with what has been 
anticipated. Other assignments include Digi- 
tal Computer Systems Engineering, Input- 
Output and Analog-Digital Conversion Engi- 
neering. Do you belong on this team? 


Monroe Dickinson (left): B.S.E.E. 1952, 
W.P.I.; M.S.E.E. 1954, M.1.T. Technical En- 
gineer in analog and alternate computer tech- 
niques for weapons systems, 1952; Associate 
Engineer responsible for systems design and 
analysis, 1954; December, 1955, Staff Engi- 
neer, responsible for research planning; here 
reviewing set-up on laboratory analog com- 
puter of a sampled data control problem. 


Exceptional career opportunities are 
now open in IBM Military Products 
for E.E.’s, M.E.’s, physicists, and 
mathematicians, in the following fields: 
SYSTEMS PLANNING AND ANALYSIS 
DIGITAL AND ANALOG SYSTEMS 
INERTIAL GUIDANCE 
SERVO-MECHANISMS 

ELECTRONICS 

MECHANICAL DESIGN 

ELECTRONIC PACKAGING 
PROGRAMMING 

FIELD ENGINEERING 

RELIABILITY 

COMPONENTS 

PHYSICS 

MATHEMATICS 

HUMAN ENGINEERING 
INSTALLATION 

CIRCUIT DEVELOPMENT 

POWER SUPPLIES 

TRANSISTORS 

HEAT TRANSFER 

OPTICS 

TEST EQUIPMENT 

COST ESTIMATING 

TECHNICAL PUBLICATIONS 


ployee. IBM Military Products include 
the Airborne Computer Laboratories 
located in Owego, N. Y., and the Proj- 
ect SAGE installations directed from 
Kingston, New York. 

Here is a real ground-floor opportu- 
nity that you can’t afford to overlook. 
Without exaggeration, your potential in 
this dynamic young field of electronic 
computers is virtually unlimited. Get 
all the facts. Write, outlining your 
background and interests to: 


R. A. Whitehorne 

Manager of Engineering Recruitment, Dept. 3602 
International Business Machines Corp. 

590 Madison Ave., New York 22, N. Y. 


POUGHKEEPSIE NY. 
OWEGO.N.Y. 
ENDICOTT, N.Y 
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DIGITAL AUTOMATION—NO. 16 


Electronic Counting 


Many digital problems are solvable simply by counting techniques plus 
timing accessories. Various flexible modes of counting are now avail- 
able, including binary counting, decade counting, preset counting, 
gated carry counting, digital count totalizing, events-per-unit-time 
counting, X/Y counting, analog time counting, and ring counting. 
This discussion starts with the basic 2-state counting element and 


MARTIN L. KLEIN 
FRANK K. WILLIAMS 
HARRY C. MORGAN 

Rocketdyne Div., 

North American Aviation, Inc. 


concludes with a generalized technique for feedback counting. 


the indispensable tool of any civilization which 
demands a numbering system, as was discussed in 
Chapter 2 on code arithmetic. 

Counting is used in many different ways in digital 
techniques, and a host of measurement and control 
problems are directly solvable by counting techniques 
and counting circuitry, which field has become an estab- 
lished and important field of endeavor. There are many 
familiar mechanical aids to counting, including hand 
tallying of which perhaps the oldest is the Oriental 
abacus whose initial use undoubtedly was as a tally 
register. A familiar mechanical counter is the auto- 
mobile odometer, which translates the revolutions of a 
shaft into highway miles. No time measurement is in- 
volved in this type of counting. 

Time measurement is involved in counting when it 
is necessary to specify the time at which a certain 
count of items exists, or when we attempt to count the 
number of items or objects which occur per unit time. 
It is obvious that we can specify this latter count in 
terms of the analog time measured between occurrences. 
Note that we can classify digital counting in three ways: 


C OUNTING is nearly as old as thought itself; it is 


1. Digital total counts (no time measurement involved). 
2. Digital count of events or objects per unit time. 
3. A time interval (analog) between events or objects. 


We will concern ourselves here with modern elec- 
tronic methods of counting; vacuum-tube circuitry will 
be described in detail (as in Chapter 5). Magnetic core 
techniques and transisters can be and are being used 
to perform the functions we will describe in terms of 
vacuum-tube circuits. However, the principles are simi- 
lar. 
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When the physical events to be counted are in elec- 
trical form, such as an alternating current or a pulse 
series, simple electronic-counter input coupling is re- 
quired. However, transducers are required to translate 
nonelectrical events into appropriate form for electronic 
counting. For example, a count of objects can be ob- 
tained by having the objects intercept a light beam which 
is incident upon a photoelectric cell, thus translating 
the object passage into an electrical signal. Any form 
of electromagnetic radiation can be used similarly to 
effect the translation of the digital events to be counted 
into electrical form. There are many transducers com- 
mercially available, a few of which will be illustrated 
in a later chapter on transducers. Special mention will 
be made (in another chapter) of transducers which trans- 
late variables such as fluid flow directly into digital elec- 
trical signals. 


The Basic Electronic Counting Element 


Table 5-1 in Chapter 5 lists several of the new elec- 
tronic tubes which make convenient decimal counting 
elements for certain applications. However, the more 
general techniques are based on binary numbers and 
use electronic circuits capable of two states only, such 
as the bistable multivibrator or flip-flop described in 
Chapter 5. 

Fig. 16-1 shows the circuit of such a flip-flop, with 
numbered output and input connections so that the 
simple symbol shown below the actual circuit can be 
used in complex assemblies of flip-flops, resulting in a 
simple circuit convention for system design. As has been 
described, this circuit can have one of two states only: 
if one half of the tube is conducting, the other half is 
nonconducting. If the left half of the tube is conducting, 





O-+200V@ 3.5MA 





output 6 is low, the right half of the tube is nonconduct- 
ing, and its output (7) is a high voltage with respect to 
pin l. 

Under these conditions a negative voltage pulse ap- 
plied to input 5 will cause the left half of the tube to 
become nonconducting, and the right half to conduct. 
This is the reverse of the former state, and output 6 
now will be high and output 7 low. 

If a succession of negative pulses is applied to input 
4, the pulses will reach both grids via the 10-uuf coupling 
capacitors. However, only the conducting half of the 
twin triode is able to respond to these negative signals 
because the nonconducting half cannot react to a nega- 
tive signal on the grid. The circuit will respond to each 
negative input pulse by reversal of left and right tube 
states. This results in a negative fall of output 7 or 
output 6 once for every two negative input pulses to 
input 4. As there is one output for every two inputs, the 
circuit can be said to be counting by two’s or dividing 
by two. 

The circuit of Fig. 16-1 provides for different inputs 
for initiating the flip-flop action. Inputs 5 and 8 provide 
direct connection for a low-current signal; input 4 pro- 
vides a common coupling for a-c negative signals to 
either control grid. Diode isolation between both grids 
and the 10-uuf capacitors is required in some critical 
circuits where large positive pulses are present. 

Inputs 9 and 10 provide reset and preset connections 
for convenient parallel connections which prevent inter- 
action between flip-flops. 


Cascading the Basic Counting Elements 


Fig. 16-2 illustrates how four flip-flops of the type 
shown in Fig. 16-1 are connected in a cascade circuit. 


Fig. 16-1. The basic binary counting device is a two- 
state device, such as this multivibrator, which can have 
one of only two states—one half conducting with the other 
half nonconducting. 
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Fig. 16-2. Symbolic representation of four flip-flops in 
series, providing a |6-count counter of input (clock) pulses. 


\ source of negative pulses, termed a clock, connects 
to the common input (4) of the first flip-flop on the 
left. Output 7 of this flip-flop emits one negative-going 
voltage pulse for each two input pulses to pin 4. The 
input pulse frequency is therefore divided by 2. If this 
output is connected to pin 4 of the second flip-flop, the 
second flip-flop divides by two, resulting in 14 the clock 
frequency. There is no limit to the number of flip-flops 
that can be cascaded in this fashion. 


Counting With Cascaded Flip-Flops 


A flip-flop is said to be in the zero state when its out- 
put (pin 7) is at its low value (about 100 volts); it is 
said to be in the one state when the output rises to its 
high value (200 volts). 

If we connect voltage indicators to each of the four 
outputs 7, we can read the binary count standing in the 
counter. It is convenient to connect small neon glow 
tubes between the outputs and an appropriate fixed 
voltage so that when the voltage of an output is low, the 
glow lamp is dark. This indicates a zero. When the out- 
put pin is high, the glow lamp is turned on to indicate a 
1. It is simplest to use the unused output plate. (pin 6 in 
Fig. 16-1), and to connect the glow lamp between pin 6 
and the 200-volt B supply. Therefore, when output 7 is 
low to indicate a 1, pin 6 is automatically high and the 
glow lamp is dark. If output 7 is high, indicating 1, pin 
6 is low and the glow lamp is turned on. 

If all of the output voltages (pins 7) are low when the 
clock starts counting, we say that the flip-flops (or 
binary counters) are all in the zero state. We can write 
this as binary number 0000 with the left flip-flop cor- 
responding to the right-most or least-significant zero. 
After the clock emits one pulse, the first counter output 
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Fig. 16-3. Feedback is used to 
convert a 4-stage binary counter 
into a decade counter. 




































































voltage goes up to plus 200 volts. The binary count 
now reads 0001. After the clock emits a second pulse, 
the left counter returns to its original zero state but 
passes a negative carry pulse to input 4 of the second 
counter; the binary count standing in the counters 
is now 0010. With each successive pulse, the counters 
show the increasing binary count in exact binary-count 
fashion: 0011, 0100, 0110, 0111, 1000, 1001, 1010, 
1011, 1100, 1101, 1110, 1111. The sixteenth pulse resets 
all of the counters to 0000. 

This simple binary counter indicates (in binary code) 
the number of pulses put into it via a row of neon glow 
lamps. The first practical electronic counters were made 
in this way about 5 years ago, and were used extensively 
in early nuclear work for counting the number of ioniz- 
ing particles emitted by radioactive elements. Binary 
counters are still used extensively; however, conversion 
of the resulting binary number to the more convenient 
decimal number by hand addition was cumbersome. 
Therefore, about ten years ago a binary counter which 
gave a decimal-number readout began to be used. 


The Decade Counter 


Fig. 16-3 shows a four-stage cascaded binary counter 
in which certain flip-flop outputs are fed back to pre- 
vious flip-flops in such a way that the circuit counts 
from 0 to 9. The two feedback loops shown force the 
count so that the pulse output of the fourth flip-flop is 
one tenth that of the input clock. Pulse feedback is prac- 
tical because there is a brief delay between the input 
pulse and the time that an output pulse appears: the 
feedback occurs within this interval. 
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Fig. 16-4. Method for determining the feedback paths 
required in order to count to any given number. 
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The operation of this system can be considered in 
terms of binary addition. The two feedback pulses are 
put in at the f/2 and f/4 points, so they can be con- 
sidered as adding 0010 and 0100 to the counter bank. 
Thus, by binary addition: 


0010 decimal 2, supplied by lower feedback 
loop 

0100 decimal 4, supplied by upper feedback 
loop 

1010 decimal 10, pulses supplied to first 
counter, time serially 


10000 decimal 16 (with output carry pulse). 


The binary 1 in the fifth place to the left is the output 
or carry pulse that enters into a second or tens decade 
while the ones decade resets on the tenth input to 0000. 

By use of appropriate feedback networks, a four- 
cascade counter can be made to count up to any num- 
ber up to sixteen. Fig. 16-4 shows a simple decimal- 
number method for determining the feedback paths re- 
quired. This technique for telling exactly what end count 
will be with any circuit is to write the numbers 1, 2, 4, 
8, . . . in the schematic and subtract the numbers to 
which feedback is applied from total count. 

In example A, two binaries without feedback count 
by 4’s. Subtract 1 from 4 and the result is a count-by-3 
circuit. 

In example B, 3 binaries without feedback count by 8. 
Subtract 2 from 8; thus the circuit is a count-by-6. 

In example C, the 3 binaries would count by 8 with- 
out feedback. Subtract 1 from 8; therefore, the circuit 
is count-by-7 circuit. 

In example D, the four binaries would count by 16 
without feedback. With feedback as shown, subtract 
5 from 16, and the circuit divides by 11. 

It is desirable to be able to read the number in a 
feedback decade as a decimal number from 0 to 9. The 
lower half of Fig. 16-3 shows how a matrix of resistors 
and neon (Ne-2) glow lamps can be set up to cause the 
glow lamps to indicate the count in the desired sequence. 
These elements are arranged in “AND” gating circuits 
in a similiar fashion to the neon-glow-lamp matrix 
technique described in Chapter 5. 
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Fig. 16-5. Use of binary wired 
switches to preset a counter using 
the complement-of-the-count tech- 
nique. 
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Preset Counters 


It often is desired to preset a counter to a certain 
number, at which time an output pulse is obtained which 
can be used, for example. by control circuitry for a 
process. A technique using a diode trunking matrix and 
binary-wired preset switch was described in Chapter 
15 (in the Variable Interval Automation Controller or 
VIAC). 

Fig. 16-5 shows another way in which cascaded 
counters can be made to count to a preset count. This 
method is to preset into the counter bank, before count- 
ing begins, the complement of the desired count. (This 
is a specific case of feedback as described in the last 
section.) The counter then counts from this preset count 
up to the full count and resets to the zero count. For 
example, if we wish to preset the counter so that it gives 
an output or carry pulse after 6 input pulses, we preset 
4 (the complement of 6) into the counter bank. There- 
fore, by binary addition: 


0100 decimal 4, preset into counter bank, 
0010 complement of 6 (10—6—4) 
0010 decimal 2, supplied by lower feedback 
loop 
0100 decimal 4, supplied by upper feedback 
loop 
0110 decimal 6, time serial pulses supplied 
to first counter 
10000 decimal 16, with output carry pulse 
The upper half of Fig. 16-5 is identical to Fig. 16-3; 
the lower half shows a row of binary-wired number 
preset switches. These switches are wired in a reverse 
binary fashion so that the complement of the number 
is added in parallel to the counter bank. The preset 
number is not added to the counter bank until a posi- 
tive voltage pulse is supplied to the grid of the thyratron 
preset tube. When the thyratron fires, it conducts 
heavily so that nearly 100 volts is supplied to the preset 
inputs (9 or 10) of the flip-flops. The RC network in 
the plate circuit of the thyratron drops the plate voltage 


(when the heavy plate current is drawn) below the 
voltage required to maintain the thyratron gas conduc- 
tion. The thyratron thus is automatically turned off. 
The large positive pulse supplied to the preset inputs of 
the flip-flops insures that the desired complement num- 
ber is added to the counter bank. (A small negative pre- 
set voltage can be used if a negative power supply is 
used. ) 


The advantage of the complement preset counter is 
twofold. First, the counter operates as a conventional 
feedback decade until an electronic preset command is 
given. This command also automatically clears any 
count remaining in the counter. Second, any number of 
binary-wired switches (or permanent configuration lines ) 
can be connected to the same counter bank with diode 
isolation between preset lines to prevent interaction. 
Thus, it is possible to have a single counter count auto- 
matically in sequence as follows: 1 with an output carry; 
1, 2, with output carry; 1, 2, 3, with output carry; 1, 2, 
3, 4, with output carry; and so on up until it counts as 
a normal decade counter. 

Another application of the preset complement counter 
is that the feedback decade loops can be removed and. 
by eliminating the preset switch but not the preset 
thyratron, permanent preset input 9 or 10 can be wired 
so that on the carry command from the counter-bank 
output 6 (rightmost flip-flop), the opposite output 7 will 
give a positive preset command to the thyratron, which 
presets the number 6 into the counter bank. Thus. by 
binary addition: 


0110 decimal 6, number obtained by: 
16—10=—6 [a sixteens complement) 
1010 decimal 10, time serial pulse supplied 
to first counter 
10000 decimal 16, with output carry pulse 
This last technique can be used in counter banks 
that are preset to count to any number; a centicade 
counter, which gives a carry pulse with the 100th input 
pulse and then resets is described next. 
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Fig. 16-6. Use of a gate to ob- 
tain an undelayed trigger or car- 
ry pulse on the 100th pulse. The 
reset thyratron sets in the preset 
count of 29 for complement-of- 
the-count operation. On the 99th 
pulse, the outputs (7) of the 3 
rightmost flip-flops are high, 























which fires fhe glow tubes and en- 
ables the gate tube, permitting 
the 100th clock pulse to pass 
through the gate tube without de- 


lay. 
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Gated Carry Counters 


The preset counter system described is used in Fig. 
16-6 in a centicade counter. A normal centicade counter 
based on the techniques described would use the positive 
carry pulse obtained from output 7 of the rightmost 
counter to supply the reset command pulse to the reset 
thyratron circuit (connected as in Fig. 16-5)—according 
to the binary logic as follows: 


decimal 28 (2’ 
128—100—28) 
decimal 100 (time serial pulses sup- 
plied to first counter) 


is 128, therefore 


0011100 
1100100 


decimal 128 (with normal negative 
carry pulse from output 6) 


10000000 


However, as the number of cascaded flip-flops  in- 
creases, the summation of the delays between input and 
output of each counter stage can interfere with con- 
trol-circuit operation, particularly in fast digital com- 
puters where counters are used. Therefore, in order to 
obtain a 100th carry pulse synchronized with the clock 
pulses, an “AND” gating arrangement is used to gate 
the 100th pulse. The complete circuit to do this is shown 
in Fig. 16-6. The vacuum-tube gate shown in the lower 
right of Fig. 16-6 requires —100 volts to remain closed. 
and —10 volts to open (for the 100th count). A triple- 
diode “AND” gate is connected to the three output 7’s 
of the rightmost flip-flops so that all three must be high 
before the count gate is open. The Ne-2 glow tubes 
provide a d-c offset voltage without loss of voltage swing. 
It is desired to activate the “AND” gate on the 99th 
pulse; hence the counter is preset to the count of 99. 
By binary addition: 


decimal 29 (preset number) 
decimal 99 (time serial pulses sup- 
plied to first counter) 


0011101 
1100011 


decimal 128 (which makes output 7's 
of last 3 flip-flops high) 


10000000 


When the 128 total is reached, the triple-diode “AND” 
gate supplies —10 volts to the vacuum-tube gate so 
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that it is now open to pass clock pulses. The 100th 
pulse is now able to pass through the gate without 
delay as the centicade carry pulse. When the bias to 
the vacuum-tube gate is raised to —10 volts, this also 
raises the bias to the reset thyratron so that it can be 
triggered by the 100th pulse via phase inversion in 
the leftmost counter. This positive pulse causes the 
reset thyratron to conduct, thus presetting back into the 
centicade counter the preset count of 29. The counter 
is now ready to count again. 


Decade Counters for Digital Count Totalizing 


There are many situations where a total count of input 
pulses is desired in digital form. Fig. 16-7 shows a 
block diagram of a simple gated-input counter, which 
uses three decade counters (such as shown in Fig. 16-3) 
in decade cascade so as to obtain any total count from 
0 to 999 counts. The decade on the left counts from 
0 to 9, and the 10th pulse resets this decade to 0 and 
passes one carry pulse to the middle or tens decade. 
This middle decade indicates the 10’s carry from the 
l’s decade from 00 to 90, and the tenth 10’s carry passes 
a 100’s carry pulse to the leftmost counter which total- 
izes the 100’s carries. Additional decades can be added 
to indicate any required total count. 

A pulse gate such as that in Fig. 16-6 could be used 
with a manual or electronic switch to open or close the 
gate with appropriate control voltages. It is usually 
more flexible to add a gate-control flip-flop in such a man- 
ner that the gate is controlled by a circuit similar to 
the way that the right flip-flop in Fig. 16-6 (without 
diode “AND” gates) is connected. Therefore, separate 
open and close commands can be applied to this gate- 
control flip-flop via inputs 9 and 10. 

The conventional flip-flop requires a negative pulse 
with a certain amplitude and minimum rate-of-voltage 
change (rise time). Therefore, an X-input pulse shaper 
and amplifier may be required to prepare the input 
pulses for the decade counters. 

In order to total a count, the gate is opened, which 
allows the input pulses to be counted and totaled by the 
bank of decade counters. The gate is closed when all of 
the desired counts are received. 
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Fig. 16-7. Gated-input counter uses gate to control the 
time interval during which the digital counter is operative. 
The pulse shaper and amplifier is used to iodde pulses 
of proper amplitude and rise time for reliable operation. 


Events-Per-Unit-Time Operation 


Another important use of an electronic counters is to 
measure a number of Events Per Unit Time, which is 
often termed EPUT operation.* This type of operation 
is required often. particularly to determine the frequency 
of an unknown a-c voltage. The usual time base used is 
one second. Fig. 16-8 shows how this is accomplished. 

The upper half of Fig. 16-8 is identical to Fig. 16-7 
except that a reset-to-zero-count line is added. In events- 
per-unit-time operation, it is required that the gate be 
opened for one second and then closed again. The bank 
of counter decades then will contain the number of pulses 
received during that 1-second. interval. 

The l-second clock pulses are fed to input 8 of both 
clock flip-flops. When these clock pulses are negative. 
both flip-flops are held in the same state all of the time, 
with the gate being held closed. If a negative read com- 
mand is applied to the lower clock flip-flop, it changes 
state so that the next clock pulse can change it back over 
again. When the lower flip-flop state is reversed by the 
clock pulse, a reset command is applied to the three 
decades and the upper control flip-flop is changed over 
so that the gate receives a d-c open command. The gate 
then is enabled so as to pass input pulses until the next 
l-second clock pulse reaches input 8 of the upper control 
flip-flop. thus closing the gate again. If continuous fre- 
quency readings are required, a slow pulse clock can 
replace the manual read command. 

The l-second clock can be altered by appropriate 
switching circuitry so as to increase or decrease its rate 
in steps of ten. thus providing. in effect. a movable 
decimal point in the number indicated by the counter 


bank. 


X/Y Count Operation 


When the ratio of two frequencies is required. a cir- 
cuit such as shown in Fig. 16-9 is used. This is essentially 
the same as Fig. 16-8 except that the l-second clock of 
Fig. 16-7 is replaced by another input circuit which is 
identical to the X input. This means that the counter 
decades now totalize the number of X input pulses only 
for the time interval between Y input pulses. A slow read 
command clock can be provided for continuous measure- 
ment of the X/Y ratio. 

Commercial counters, such as shown in Fig. 16-10, can 
provide the various counting modes discussed. 


*EPUT is a registered trade mark of the Berkeley Div., Beckman 
Instruments Inc, 
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Fig. 16-8. Events-per-unit-time operation uses a clock 
to control the gate. 
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Fig. 16-9. X/Y operation is similar to events-per-unit- 
time operation except for the fact that the time base is 
the interval between Y pulses rather than a fixed time 
interval. 


Fig. 16-10. Typical commercial counter provides vari- 
ous modes of operation, including time interval counting. 


Decade Counters for Analog Time Measurement 


When it is desired to know the time interval in micro- 
seconds between two digital events or pulses, a variation 
of the circuit shown in Fig. 16-9 is made. A 1-megacycle 
clock is connected to the X input, and the unknown 
pulses are applied to the Y input. The counter decades 
now indicate the time between Y pulses in microseconds. 
If only two signals are present. the circuit shown in 
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Fig. 16-11. Ring counter uses the slight delay in flip- 
flop action to enable each flip-flop in succession. Eac 
successive clock pulse thus changes the state of one flip- 
flop, in succession. 


Fig. 16-7 can be used. This circuit would be used, for 
example, if it is desired to find the time of flight of a 
bullet or shell over a measured course. 


Counting Rings 

Another useful electronic counter circuit is the ring 
counter. Fig. 16-11 shows a simple ring-of-five counter. 

This circuit uses the slight delay between input and 
output of a flip-flop to act as a memory for a carry 
pulse. When the circuit is first turned on, the double-pole 
double-throw pushbutton switch is depressed. This action 
first disconnects the clock and then, by means of a large 
positive voltage applied to preset pin 9 of the right four 
flip-flops, these counters are reset so that the negative 
clock pulse input (to pin 5) does not initiate a change 
of state in any of these counters. However, the first flip- 
flop on the left is preset with its output pin 7 high (in 
the 1 state). This means that when the pushbutton is 
released, ihe clock finds the first flip-flop with the right 
half conducting (refer to Fig. 16-1) so that the first 
negative clock pulse resets this first counter stage. Due 
to the slight delay in the flip-flop. by the time output 7 
falls to pass on a negative carry pulse to the second 
counter, the clock pulse on its input 5 is over. The second 
flip-flop is then changed over with its output 7 high (1 
state). The 1 state has therefore been shifted from the 
counter on the left to the second counter, The second 
clock pulse now shifts the 1 state by similar action in 
the second flip-flop to the third one. With the fifth clock 
pulse, the 1 state is transferred back from the rightmost 
counter to its original position in the leftmost counter. 
This ring action continues as long as the counter bank 
is supplied with power. (In a following chapter on com- 
puters, we will see how a modification of this ring coun- 
ter is used as a computer shift register. ) 

It can be seen that a ring of ten constructed in this 
fashion could be used as a decade counter. The neon 
glow lamps used to indicate the count in the decade 
could be connected between the 200-volt B supply and the 
output (pin 6) of each flip-flop without the matrix of 
Fig. 16-3. However, since six extra flip-flops are used. 
more tubes are required. which gives a cost and size 
disadvantage. 

A ring can be used to drive electronic multiplexers 
(as was described in Chapter 6) without a matrix. There 
are many other computer and electronic uses for count- 
ing rings for sequential control. 
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Fig. 16-12. Generalized representation of a cascaded 
counting circuit with feedback paths. 


Generalized Technique for Feedback Counting 


The preceding discussion relates to specific configura- 
tions for counting. A general approach to the problem 
of counting by the feedback or forced-count method is 
as follows: 

Each of the blocks of Fig. 16-12 is assumed to be a 
count-of-two unit (although it can be any order of 
count). The output of the block is represented by N,; 
thus the output of P; is N,, which is the pulse carried 
forward to the next pair Py. Note that certain outputs 
are fed back to previous stages. It is assumed that delays 
in the feedback paths are such that a distinct pulse 
arrives during feedback to force the count. 

We can write a system of equations for the input of 
the various triggered pairs (recalling that a triggered 
pair scales the count in 14). Thus the output of each 
pair must be 1% its input, as follows: 


He Ul Ul 


eA 


The division or count-down factor is given by the 
ratio of Ni,/Ny because N, is the output of the scaling 
circuit. First, let us write the equations above in slightly 
modified form: 

2N, Ns — Nin 
N, — 2N2+ Ny =0 
N 2N3 + Ny = 
Nz 2N, = 0 


Using Cramer’s rule and solving these simultaneous 
equations by determinants yields: 
|2 0 —!1 
jl —2 0 
|0 l 
10 =O 
N, = 


r 


0 l1 — 

0 0 2) 
Thus the connections made result in a division of the 
input pulses by eight. 

The versatility of this generalized approach is evident. 
Although the previous example was worked out with 
triggered pairs (each of which divided by two), it can 
be extended to other types. As a simple extension, it can 
be seen that if two of these circuits are cascaded, the 
output would be 1/64 of the input count. If the output 
of the preceding circuit is connected in cascade to a 
simple divided-by-three circuit, a count-down factor of 
24 would result. 








Myths of 


Automation 


URING the past two years I have had the op- 

portunity to study in some detail the experiences 

of 13 highly automatic production systems in a 
variety of industries. The trends and results seen there 
have been checked against the experiences of perhaps 
another 30 firms in lesser detail. When we examine 
these industries carefully, instead of hypothesize, the 
lessons of automation stand out clearly. It is the purpose 
of this paper to examine some of the fallacies and phobias 
of automation with view to encouraging all of us to 
think through the implications of automation more 
clearly and to eliminate some pointless fears. 


MYTH NO. 1 


Myth No. 1—That there are fully automatic factories. 
It has been stated again and again in popular and serious 
literature that there are not only “automatic” factories, 
but there are “fully automatic” factories. For three 
years I have tried to track down such automatic fac- 
tories and have been unable to find them, The automatic 
factory turns out to be in every case a remarkable 
advance in mechanization, but it has not resulted in 
manless production. 

In 1945-46 many rumors were heard about the Govern- 
ment-owned 155-mm shell plant in Rockford, Illinois 
built by the W. F. and John Barnes Company. It was 
reputed to be “fully automatic.” In the January 22, 1955 
number of The Saturday Review an article appeared en- 
titled “The American Factory and Automation.” It was 
authored by the chairman of the board and included 
this quote . . . “Our own company, U. S. Industries, 
Incorporated, operates perhaps the only fully automatic 
factory now producing. It is a Government-owned, 155- 
mm shell plant in Rockford, Illinois. The plant was 
designed for very high production, using 20% less 
manpower, both direct and indirect than in conventional 
plants .. .” 

If it uses only 20% less manpower than a conven- 
tional plant, is it “fully automatic”? 

As a final example let us take Ford’s Cleveland Engine 
Plant. In Business Week an article appeared describing 
Ford’s Cleveland Engine Plant. The article was entitled, 
“Automation: A Factory Runs Itself.” During my visit 
to this plant in mid-1954 I found that over 4500 people 
were at work in this plant and more than 2700 of these 
were on the production line. This 2700 did not include 
quality control personnel, material handlers, or the main- 
tenance force. It is somewhat difficult to understand 
how a factory with 2700 production line workers can 
be said to “run itself.” 


Abstracted from a paper presented before the Society of 
Automotive Engineers, Detroit, Mich., Jan. 14-18, 1957. 


JAMES R. BRIGHT 


Harvard University 
School of Business Administration 


MYTH NO. 2 


Myth No. 2—That automatic manufacturing requires 
feedback control. A favorite phobia of the Sunday sup- 
plements is that automatic factories and automatic ma- 
chinery have suddenly become possible and tremendously 
more significant because of feedback control. I have 
examined several hundred automatic machines in about 
30 highly automatic production systems and found only 
oil refineries to show a significant amount of feedback 


control. 


Table I—Motives and Benefits of Automation in 
13 Firms 
|Number of Plants Experiencing | 
_This Characteristic As 

} | Unex- 

Primary |Secondary| pected 

Characteristic Motive | Objective! Benefit 
Increased capacity | OF 4 2 


Reduced direct labor content per) 12 
unit of output 


Reduced indirect labor 


| 


Shorter lead time 
Higher quality of product 


Reduced scrap 


| 


Increased Equipment Utilization 


Ability to expand production without | 
major work force increases 


Improved safety | 
More attractive working conditions 
Easier production control job 

Easier plant administration 

Lower maintenance cost 

Lower capital investment 


Increased Flexibility in products manu-| 


factured | 


Less skill and training required of| 
some workers 


Shorter setup time 


| 
| 
Reduced floor space requirements | 
Reduced work in process inventory | 

| 


Easier housekeeping 
Reduced insurance cost 


Sales promotion value of new plant 
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Feedback does not appear often because it is not 
necessary to much automatic production. Feedback con- 
trol assumes that the machine needs to be corrected. 
But many machines do not need correction. They op- 
erate with quite adequate precision; their product falls 
well within the desired specifications. Since the need 
for self-correction is not great, feedback has no economic 
value. 


MYTH NO. 3 


Myth No. 3—-That the only motive for automation is 
cost reduction through the elimination of labor. The ex- 
perience in 13 firms studied showed an astonishing range 
of motives as well as unanticipated benefits and second- 
ary objectives that were not quantified. These are listed 
in Table 1. There are several important points to be 
made about this table. ; 

The advantages of automation are far greater in 
number and often in value than the average firm realizes. 
| would estimate that not one firm in a hundred 
thoroughly explores the. favorable (and negative) aspects 
of automation proposals. They rarely quantify anything 
but labor savings, and hence overlook some splendid and 
valuable contributions. 

Consider lead time, for instance. A parts firm cut 
lead time from 19 days to 2-3 days; an oil refinery from 
1 days to 5 hours: a feed mill from 2 man hours to 
5 man minutes. What would this mean to the average 
firm in customer service, in inventory reduction and in 
production planning? 

Another firm justified their automation program solely 
on reduction of scrap. Still another adopted automation 
solely to provide working condition improvement. Auto- 
mation made it possible for them to attract and hold 
women workers in a very tight labor market. 

Engine plants have found that automation increases 
equipment utilization from about 60% to 80%. This 
is a clear gain of one-third in production capacity with- 
out corresponding investment or plant expansion! 

Some of these other motives appear quite strange- 
product flexibility, for instance. Yet the fact is that a 
fertilizer plant adopted automation because it enabled 
immediate pushbutton mixing of any of 500 formulations. 
Such product flexibility is totally beyond the conven- 
tional plant. 

Reduction in capital investment also is completely 
contrary to traditional automotive industry thinking 
about automation. The fact is that this was the major 
reason for automation in the most automatic plant 1 
studied (an oil refinery). 

Lower maintenance cost is also a surprising advantage. 
We shall see why it, too, may arise out of automation. 

The lesson is clear: It is a mistake to think of auto- 
mation as yielding a limited, fixed set of advantages 
and disadvantages. These vary widely and wildly depend- 
ing upon a host of factors in the individual case. Manage- 
ment should carefully explore the full range of implica- 
tions and quantify them wherever possible. Labor savings 
alone is a very naive and inadequate approach. 


MYTH NO. 4 


Myth No. 4—That automation must cost more than 
a conventional system. This is not always true. The oil 
refinery I studied adopted automation primarily because 
the conventional plant would have cost $1,000 per bbl 
of daily thruput, while the automated plant cost only 
$700/bbl. How can this be? Simply expressed, the auto- 
mated plant was an integrated system eliminating much 
in-process tank storage and associated piping and pump- 
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ing mechanism, as well as requiring only one control 
center instead of four. Thus automation cost less not 
because the equipment was cheaper, but because there 
was less of it. 


MYTH NO. 5 


Myth No. 5—That automation inevitably raises main- 
tenance costs. Many automotive and electrical equipment 
manufacturers will insist that this is so, and it often 
is. Yet the two most automatic plants | studied actually 
reduced their maintenance costs and difficulties by auto- 
mation! 

Oil refineries generally expect that the maintenance 
force will be 50 to 60% of the total refinery work 
force. In the automated refinery mentioned above the 
maintenance force is about 20.5% of the total refinery 
force. Why? It is because there is significantly less 
machinery—pipes, valves, controls, pumps, etc.—to main- 
tain per unit of output. The maintenance is not directly 
proportional to the amount of automatic equipment or 
the degree of automaticity, but to the total amount of 
machinery. Reduce this machinery enough and mainte- 
nance will fall off, too. 

Another misleading thing about maintenance is that 
the figures and experiences reported are totally mis- 
leading: The thing called maintenance usually is a blend 
of installation, debugging, routine servicing (lubrication, 
cleaning, adjustment), downtime for total replacement, 
housekeeping, maintenance of tooling fixtures (as distinct 
from the production machine), breakdowns, etc. 

I have found no plant that has figures isolating each 
of these factors. They are all lumped together and 
charged to maintenance. Thus “maintenance troubles” 
in automated plants often turn out to be “installation” 
or “debugging” costs. 


MYTH NO. 6 


Myth No. 6—That automation inevitably means up- 
grading of labor skill requirements and severe retraining 
problems. It is one of the phobias of some elements of 
organized labor and some social scientists and indus- 
trialists that the average worker is unemployable in the 
highly automated plant. This study throws a great deal 
of doubt on the certainty of this end effect. The evidence 
in these 13 plants is mostly to the contrary. To the 
extent that employment opportunities are available (a) 
operators’ jobs often are easier and more quickly 
mastered in the automated plant and (b) the impact on 
the quantity and quality of maintenance skills required 
may be much less than expected. 

The ultimate argument, of course, is to point out that 
this machine evolution leads to the very situation feared: 
Automaticity grows until no operators are required. Then 
what employment opportunities exist? Only maintenance 
and design. The level of education required on some of 
these design jobs is of PhD caliber. The maintenance 
skills may require electronics training. Now the unskilled 
or semi-skilled worker is helpless. He does not even un- 
derstand the language, let alone the job. 

This grim ending neglects to account for several 
counteracting facts: 

1. It is the trend of invention to mechanize difficult 
jobs. 

2. The economics of machinery bar the introduction 
of fully automatic machines in hundreds of thousands 
of installations. Man is a far cheaper and more flexible 
control device than the ultimate “feedback’”’ mechanism 
for many machines. 

3. Industry is by no means the mass production world 
so often pictured. 





Thus, automation does not tend to make people un- 
employable because they lack skill and specialized educa- 
tion. On the contrary, many (and perhaps most) operator 
jobs can be mastered more quickly, with less job ex- 
perience, special skill and education, as mechanization 
increases and provides increasing degrees of automa- 
ticity. 

Furthermore, there is a good possibility of lowering 
skill requirements and shortening the training period 
on many operating jobs. 


MYTH NO. 7 
Myth No. 7—That automation has nothing to offer 
labor but unemployment. It seems true that many (and 
probably most) automation programs aim at reducing 
direct labor content per unit of output. However, most 
automation programs also are sparked by the need for 
increased capacity (see Table 1). Depending on the 
amount of labor reduction and the amount of capacity 
increase required, the net effect on labor can be anything 
from unemployment to far greater employment oppor- 
tunities. 
Although the net effect on employment opportunities is 
uncertain, there is no doubt at all that automation offers 
the worker distinct job advantages: 
1. Easier work, physically and mentally. 
2. More interesting work through variety of job ac- 
tivity. 
A more satisfying job through a sense of re- 
sponsibility for a larger portion of the end result. 
Pleasanter job surroundings. 
Higher pay through increased productivity. 
The satisfaction and prestige of working in an out- 
standing plant. 

. Greater job security against both the efforts of the 
firm’s competition and the effects of old age on the 


individual’s strength, dexterity and endurance. 
. Greater continuity of employment. 
A safer job. 
Opportunity to learn more of the total production 
process and machinery. 
Experience with advanced equipment that may be 
even more valuable as time goes on. 
Of course, all these things do not apply in every 
situation. The point simply is that the worker has much 
to gain from automation. Why not tell him so? 


MYTH NO. 8 

Myth No. 8—That automatic machinery alone is re- 
sponsible for sensational advances in automatic manufac- 
turing and productivity increases. Study of manufactur- 
ing evolution in any industry will show that at least five 
major factors are involved in technological improvements. 

1. Spatial rearrangement of machinery. For example, 
in one effort productivity gains were fantastic although 
there was no introduction of automatic machinery. The 
gain was simply the refinement of a concept of arrange- 
ment, and the eventual mechanization of movement (al- 
though great gains were made without even this simple 
bit of mechanization). 

2. Changes in materials to facilitate automatic produc- 
tion. 

3. Changes in processes to facilitate mechanization. 
Some of the most dramatic production gains come from 
the adoption of new processes; for instance, stampings 
and castings vs. machined parts. 

4. Changes in product design. 

5. Automatic machinery. 

Thus, to look to automatic machinery as the sole hero 
or villain of automatic production, productivity increases 
and/or labor displacement is industrial naiveté of the 
first order. 





Uncommon Uses for 


MARTIN L. KLEIN 
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Common Digital Computers ‘~*~ ™ 


OMPUTERS are now established as expensive but 

economical contrivances which perform a series of 

elementary-school operations rapidly enough to sup- 
plant human efforts in some measure. The words “in some 
measure” are used with malice aforethought because it 
is only in performing the simplest and most repetitious 
operations that a computer gains any real advantage. 
Notwithstanding. a whole tribe has sprung up, devoting 
their off hours to amassing huge electric bills in proving 
that computing machines can de things for which they 
were not intended. We propose to bring some of these 
activities to light. 


Computers and Predictions 


One of the most intriguing activities for common dig- 
ital computers is in crystal-ball gazing. The most signifi- 
cant step (backwards) developed during the 1952 Presi- 
dential election, when a group attempted a running pre- 
diction of election results. The circumstances surrounding 
this enduring “goof” are shrouded by conflicting ac- 
counts which variously place the responsibility on 
UNIVAC, the Lockheed Corporation, the Metropolitan 
Lighting District (which allegedly supplied the 110 volts 


An address delivered at the ACM Convention, Aug. 27, 1956. 


ac rather sporadically) and/or the National Broadcasting 
Company (for conjuring up the whole idea). Neverthe- 
less, nobody was hurt; the election ran off without in- 
cident, and so did the programmers. 

The computer industry regained some face in January, 
1956, when DATATRON, with considerable good fortune 
and line regulation, correctly predicted the outcome of 
four out of five of the principal Bowl games, outpredict- 
ing the entire nation’s handicappers. For six months the 
science fiction writers and motion-picture industry re- 
stored the computer to its incorrect position of super- 
brain. 

At this juncture, This Week, which visits some thirty- 
million families weekly, came up with a perfectly hor- 
rendous idea. They asked, “Why don’t you predict the 
outcome of the teams in both major leagues?” We should 
have quit while we were even, because we tried it and 
the results are too embarrassing to discuss dispassion- 
ately. The only correlation between the predictions and 
the National and American divisions appears to be in the 
Woodland Hills Little League; this is our story and we’re 
sticking with it. 

Some months ago, a scheme based on substantially the 
same techniques was investigated at MELPAR. It was 
announced that a technique had been devised and tested 
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for beating the bookmakers at their own game. Tested 
against last year’s results, the user would have received 
$80 for each dollar invested. Since then, not having 
learned our own sad lesson, they have turned to a similar 
method for beating the stock market. We had intended 
to have Dr. Rosenfeld, who developed this scheme, dis- 
cuss it himself. However, since he has been testing the 
technique, we felt he might not have the wherewithal to 
make the trip. 

I would be remiss not to mention in passing, since we 
are dealing with games, an enormous collection of parlor 
games now being inflicted on computing machines. Best 
known, of course, is Tic-Tac-Toe, which was frowned on 
as a class activity during the same school years we were 
learning how to play it electronically. We reach the 
highest state of this art in a recent proposal to pit one 
machine against another in a titanic struggle of magnetic 
cores—to the enlightenment of nobody in particular but 
to the enormous delight of the IBM Rental Department. 
This is being brought to final fruition in a series of 
studies to make a computer play chess; this strikes me 
as a perfectly elegant idea because the game is highly 
time consuming and difficult, and it will save a lot of 
people considerable time, effort, and friendship. All of 
these programs are disconcerting, because when the ma- 
chine gets hot it is extremely difficult to outmaneuver. 
When the wall-plug gets hot, something is wrong with 
the machine. 

One of us owes a considerable amount to the com- 
puting profession. In fact, he owes well over a million 
dollars and his name is George Gobel. On the Seventy- 
fifth Anniversary of Light, a program viewed by forty 
million people, he brought forth what is now a standard 
American statement, “you can’t hardly, etc.” Up to that 
night he was unknown outside of Chicago, although he 
was equally funny back in the time B.C. (Before Com- 
puters). Nevertheless, in a ten-minute sermon on com- 
puters (which the men in the grey flannel suits decided 
was too good for people and so interrupted with a station 
break) he simultaneously placed himself and the com- 
puter in the class of institutions. 


Computers and Music 


As long as we are talking about television, we might 
recount some of the other efforts along these lines. Not 
long ago, the DATATRON, fresh from its activities in 
the baseball field, launched into the field of popular 
music. This was done on the supposition that if humans 
could write miserable music that could become popular, 
a computer could do it more miserably quicker, thus 
speeding the evolutionary process. This historic event 
was recorded for eternity in the words produced by Jack 
Owens, writer of the Hut-Sut song, for the tune “Push 
Button Bertha!” And so today we hear from our radios: 

She’s Push Button Bertha, sweet machine, 

what a queen. 

Pay the light bill and you're right, Bill. 

Ten weight oil makes her loyal. 

This fiendish couplet has suffered every indignity ex- 
cept recording by Elvis Presley. The only person who has 
gone on record as liking it is one commentator who has 
also gone on record as disliking everything else. 

Music is being further manipulated by Messrs. Smith 
and Isaacson in the form of string quartettes, using a 
machine known as ILLIAC, which | first thought to be a 
popular presidential intestinal disorder. 

Also in the field of music, it might be pointed out that 
it is possible to connect an audio system to a computer 
and program the machine to play something that sounds 
much like music. This costs about $300 an hour and is 
exactly double the cost of hiring Harry James and his 
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Music Makers. What is incredible about this whole sor- 
did affair is that people actually take it seriously. I was 
unfortunately connected with the “PUSH BUTTON 
BERTHA” effort on a TV program and received a letter 
from a teenager that began “Dear BUM.” The reviewer 
for Variety, a trade paper, devoted a whole column to 
appeasing ASCAP songwriters that the songs had “no 
heart”; the musicians’ union hewed right to the line of 
pinpointing this as another inroad on musicians’ security, 
and | have become as popular in musical circles as a 
hernia at a weightlifter’s convention. 

Despite everything so far, there are some unusual 
academic uses for these machines. In the past year or so, 
considerable success has been obtained in the field of 
language translation; in particular, Spanish to English 
and Russian to English. This is no mean feat because, as 
anyone knows, everything said in Russian has a double 
meaning. It is my understanding that this project is now 
progressing in full force under the sponsorship of the 
United States Army. (If this is truly an Army-sponsored 
translation program, I am convinced, as an ex-Navy man, 
it will be of no practical use until they enter the domain 
of the four letter words.) 


Computers and Humanities 


It should not be surprising that we find another effort 
of the computing machine in the field of biblical in- 
vestigation. In this program the investigator is using the 
computer to compare different versions of the Bible, 
word by word, to determine similarity in different parts. 
In other words, what he’s trying to do is to find out 
which of the Apostles is stealing material from the other. 

There is another very cryptic form of human culture 
which is known as Abstract Art, in which fully-grown 
men spend their time making meaningless doodles on an 
expensive piece of canvas for which wealthy people pay 
large amounts of money. I’m pleased to report that a 
computer has now been successfully used to generate 
these abstract art forms. (I personally cannot tell which 
of the canvases were painted by a human being, which 
by the machine, or which was just a dirty piece of canvas 
to begin with.) Right in line with this technique, a 
serious suggestion was put forth by a well-known textile 
organization in which they hoped to dispose of their art 
department and replace it with a computer, which they 
felt would do at least no worse a job and which would 
get rid of their union difficulties. | was personally inter- 
ested in undertaking this project, which was related to 
women’s clothing, but when | insisted on a live model 
the whole project fell through. I’m told that they are 
looking for less demanding project engineers and are 
getting ready to go ahead anyway. They'll be sorry (they 
let me go). 

After the introduction of computer music on television 
last July, the notoriety led to a considerable number of 
inquiries which I think are interesting. One of them 
came from a Las Vegas gaming room, sometimes known 
as a gambling den, in which they hoped to replace two- 
hundred one-arm bandits with one digital computer. The 
price of a large-scale computer did not appear to faze 
them, and I understand this project is materializing 
rapidly. The computer will not only generate the random 
numbers and keep records of the financial transaction, 
but it can easily be fixed. 

It might be appropriate to mention a TV program 
which strikes an all-time low for this medium. (The rea- 
son television is called a medium, incidentally, is because 
nothing is ever rare or well-done.) This program, known 
as “MAN AGAINST MACHINE,” stars not Arlene 
Francis, not Steve Allen, but a computing machine. 
During the course of a thirty-minute period, this machine 





Modern TV show in Los Angeles features battle of wits (7?) between ALWAC computer 
(background), computer expert (Dr. Klein, right) and conventional assistant (second from right) 
against team of sports experts—KABC-TV's Bob Arbogast (left), Bud Furillo of the Los 
Angeles Herald-Express and John Hall of the Los Angeles Mirror-News (center). Computer 
team won, but the human team claimed that computer-team member "Miss Adventure” re- 


duced its normally rapid reaction rate. 


competes against a panel of experts in answering a series 
of questions proposed by the moderator. It works some- 
thing like this: In advance of the program, the questions 
and answers are loaded into the memory. At the appro- 
priate time during the program, the coded question is 
run through the machine by a highly improbable-looking 
blonde. When the moderator presses a button, the panel- 
ists and machine engage in a race to answer the ques- 
tions. These questions run the gamut from “Who was 
Artie Shaw’s third wife?” to “On what day of the week 
will July 4, 1987 fall?” Each time the panel succeeds in 
beating the machine, they add to a pile of worthless 
prizes, reaching a series of plateaus until—the payoff 
question—the winner gets custody of the machine (or 
perhaps custody of the blonde—this matter has not yet 
been settled) . 


The Future 


All these examples show the limitless ways that com- 
puters can be misapplied. But the end is not in sight. 

The computing machine designer has one objective— 
to construct a digital computer which occupies no space, 
uses no power, and performs a thousand or so distinct 
operations on a memory that holds an infinite number of 
words. As a result, we have seen progressively smaller 
and smaller elements used in the machine—first mechan- 
ical gears, then vacuum tubes, then transistors and, re- 
cently, cores. 

Within the past few months, an announcement has 
been made which indicates that we have now run the full 
circle and are back at the beginning again. There is a 
phenomenon known as super-conduction which is a prop- 
erty related to certain metals. If these metals are held at 
a sufficiently-low temperature, somewhere in the region 
of 4°K, a current introduced into the metal wire will 
flow for an infinite amount of time. This experiment has 
been undertaken at MIT and a current has been running 


in a wire, without any battery connection, for months. 
This suggests to computer designers, whose prime objec- 
tive is never to use whatever anyone has used before, the 
perfect memory. It takes no power to hold a word in 
storage, and virtually no space, or so it would seem. 
However, a brief computation of the refrigeration equip- 
ment necessary to maintain the temperature at 4°K in- 
dicates that the size of the computer would be roughly 
five times that of the one it replaces and the power 
consumption for this peculiar type of air conditioning 
is about quadruple what the machine would have used 
originally. Despite this, we’ve continued the design of 
such a machine because one never can tell when we will 
wish to place an IBM 704 in the middle of a glacier, and 
if this ever happens, we'll have the answer at hand. 

As long as we're talking about memory, we might 
mention a few uncommon efforts in this direction. Some- 
body, somewhere, at sometime has stated that the average 
human memory is equivalent to twenty billion bits. This 
is one of these mystic numbers that materialize and then 
become gospel around which we all design. There are 
serious considerations afoot to construct a memory ap- 
proaching this capacity: twenty billion bits. When this 
happens, and it will happen, we will then be able to reach 
into a new world. At the present time it is customary to 
use a computer to synthesize an airplane, a rocket, or a 
chemical process. With this new computer, which ought 
to be MAN I, we will be able to synthesize a human 
being. Exactly why anyone would want to synthesize a 
human being when there are considerably more pleasant 
ways of arriving at the same construction is something 
of a mystery to me, but I predict that we shall see this 
happen within the next ten years. 

In summary, it is evident that there are many un- 
common uses for the ordinary digital computer. Not all 
have been tried. For example, with their tremendous 
power consumption, they would do a wonderful job of 
heating a house. 
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General-purpose 


Integrator for Data Rude 


HARRY STERN 


Allegany Instrument Company 


—AN EXCLUSIVE FIRST DISCLOSURE— 


New instrument accepts analog voltage signals, converts to digits by 
heterodyne technique, and then counts or integrates area under signal 
curve. Input signal changes frequency of 100-ke reactance oscillator 
by 10 ke, giving count rate of 10,000 counts per second. Integral can 
be (1) total area under curve, (2) area above a preselected signal 
level, (3) area under curve for preselected time intervals, ete. It 
provides highly accurate measurements of velocity by integrating 
acceleration vs time, energy by integrating power vs time, impulse by 
integrating force vs time, or the time integral of any analog signal. 


lents, fuels, missiles, engines, and many other devices 

involve measurements of the area under a curve of 
pressure vs time, thrust vs time, etc. Measurement of 
average torque, average stress, energies, distances, quan- 
tity, impulse, velocity, and other variables also require 
integration of areas under curves. In the past, such in- 
tegration has been done primarily by manual arithmetic 
computation or planimetering, both time-consuming op- 
erations. 

Several electronic automatic techniques for such curve 
integration have been developed in the past few years, 
for “example, by Wiancko and General Electric. These 
systems generally have used pickups such as variable- 
reluctance and frequency-modulated gages that acted as 
analog-to-digital converters for the variable in question. 
Once converted into digital form, integration is simply 
a matter of appropriate counting circuitry. 

Such integration is so important for a host of measure- 
ments that there is need for a general-purpose integrator 
that will accept any analog-type signal (voltage) and 
automatically integrate either the total area under the 
curve, or parts of the area selected either on a voltage 
amplitude or time basis. This is the reason for the de- 
velopment of the Model 270 Integrating System, a gen- 
eral-purpose all-electronic instrument for obtaining the 
time integral of a varying input signal. This is the first 
disclosure of the system. 

Fig. 1 shows the instrument; Fig. 2 is the block dia- 
gram. When there is no input signal the reactance tube 
oscillator is tuned to 100 ke. There is no beat now re- 
sulting in the mixer because there is no frequency dif- 
ference between the reactance-tube oscillator and the 
100-ke oscillator. When a signal appears at Point A. 
it is amplified and causes the frequency of the reactance 
tube oscillator to shift, producing a beat note at the input 
to the integrator gate. If the gate is open, these counts 
are stored in the integrator DCU’s. As the counting rate 
is directly proportional to the input voltage, the total 


P: FORMANCE CHARACTERISTICS of propel- 
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count is the summation of the incremental values of this 
voltage, which is the integral. 

The timer not only allows calibration of the system by 
opening the gates for a known time, but also provides 
a measure of the phenomenon time base when the gates 
are opened and closed during the test. 

By means of programming circuits and preset counters. 
various means for starting and stopping the integration 
are available. The integration may be started at (1) a 
preset signal level, or (2) by closing a set of contracts. 
It may be stopped by (1) signal decay, or (2) preset 
time. Any start-stop combination can be used. 

The change in frequency of the reactance-tube oscillator 
is linear with the amplitude of the input signal. A 1-volt 
input causes a frequency shift of 10,000 cps, producing 
a maximum count rate of 10,000 counts per second. One 
of most interesting features of the instrument is that when 
it is operated for a short specific period of time, it be- 
comes an analog-to-digital converter, providing the av- 
erage analog value of the variable measured during that 
specific time interval. 

The Model 270’s counting rate of 10,000 counts per 
second provides a good compromise between resolution 
and total counts storage. For short-term phenomena, 100 
milliseconds would provide 1000 counts for a readability 
of 0.1%. For long-term phenomena (longer than 100 
seconds) provision has been made so that a mechanical 
counter can be employed to indicate counting beyond the 
capacity of the time and integral counters on the in- 
strument. Output connectors have also been provided so 
that both time and integral values can automatically be 
fed onto tape or printed out by typewriter. 

Success of the heterodyne technique depends on the 
stability and drift of the oscillator circuits. Careful use 
of precision components has reduced the drift to 100 
counts per hour and increased the stability to 1%. As 
the accuracy of the integrated signal is proportional to 
the time of duration of the signal, the drift and stability 
factor decreases in importance as the signal duration in- 
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creases, and becomes insig- 
nificant for most measure- 
ments involving seconds or 
minutes. 

The various modes of op- 
eration are shown in Fig. 3. 
In the graphs, the shaded 
areas represent the integral, 
or highly accurate summa- 
tions of incremental func- 
tions of time, with the X-axis 
as time and Y-axis as analog 
signal. 
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Fig. 2. Block 








diagram of the 
general-purpose 
integrator for 
data reduction. 

















Typical Applications 
Graph A in Fig. 3 shows 




















a thrust-time integral to ob- 
tain impulses of a_ rocket 
during a static firing. The 
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signal from the amplifier, 
which is connected to the 
load pickup, is connected to the input of the Model 270 
(an amplifier is usually necessary due to the low output 
of the pickup). Full scale load (say 1000 pounds) is then 
applied to the load pickup or (a popular alternative) a 
calibration resistor is merely shunted or placed in series 
with one arm of the load pickup to electrically simulate a 
full-load condition in the output of the pickup. The 
gain control is then adjusted for an integral count of 
10,000. This completes the calibration and the instrument 
is now ready to operate. 

The START SELECTOR and the STOP SELECTOR 
are set to the “signal” positions. The Integrating System 
will commence counting both time and integral when 
the rocket is fired and a resulting signal fed to its input. 
It will stop counting when it no longer receives a signal. 
If it is desired to integrate only the first portion of the 
thrust-time curve (as in rocket igniter studies) the 
STOP SELECTOR is merely set to “preset” instead of 
“signal” and the preset dials beneath the time counters 
are set to the desired measuring time. This can be any 
amount of time from 0.0001 to 100 seconds in increments 
of 0.0001 second. 

After the rocket has stopped burning, the time counters 
display the total time of thrust, while the integral counters 
display the integral of the thrust-time curve (impulse) 
as a simple proportion. Thus, if the time counters read 
100,000, the action time was ten seconds; if the integral 
counters read 080000, the actual integral or impulse is 
expressed as: Impulse/Full Scale Load—Integral Read- 
ing/Calibration setting — 080000/10000 — 8000 lb-sec. 

Dividing the integrated value (8000) by the action 
time of the phenomenon (10), we find that the average 
thrust during that particular test was 800 pounds. 

Other typical applications are: 

1. Integration of pressure-time curves 

2. Integration of force-time curves 

3. Continuous process weighing 

4. Totalizing illumination 

5. Moisture determinations on continuous processes 

. Integration of acceleration-time curves 
. Integration of velocity-time curves 

. Integration of torque-time curves 

. Totalizing varying RPM 

. Integration of temperature-time curves 
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Fig. 3. Modes of operation. 
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New Developments in 


AREA METERS 


GEORGE H. SEEMAR 
The C-Mar Corporation 
































Fig. |. Typical port 
areas that can be fab- 
ricated by ultrasonic 
impact grinding. 


—AN EXCLUSIVE DISCLOSURE— 
Refinements in production technique—ultrasonic impact 
grinding, precision bore tubing, careful surface fin- 
ish control—make possible reproducible orifices in 
area meters and reliable repeatability of measurement. 


concepts; refinements in manufacturing technique can 

reduce or eliminate roadblocks which retard the ad- 
vancement of established instrumental concepts. 

There are two basic types of variable-area flowmeters 

the rotameter and variable-port (or area-type) flow- 
meter. The rotameter has achieved greater acceptance 
than the “area meter” flowmeter because of two factors 

(1) friction associated with the necessarily close-fitting 
piston in the cylinder with the variable port has con- 
tributed to deficiencies in readability and (2) ports could 
not be machined in glass or ceramic tubes with the high 
accuracy and reproducibility desired for industrial flow- 
metering applications. Hence the area meter has been 
used primarily for viscous fluids, hot tar, black liquor, 
and where the presence of mercury is detrimental, with 
most other applications being given to the rotameter-type 
variable-area flowmeter and mercury meters. 

Attention has been returned to the variable-port area 
meter in light of modern developments in precision bore 
tubing, ultrasonic machining, and fine surface finishing. 
By applying these modern fabrication techniques, it has 
been possible to eliminate deficiencies which have, in the 
past, retarded wider acceptance of the variable-port idea. 


ee DEVELOPMENTS need not include new 


The Variable-Port Flowmeter 


The principles of the variable-port-type area flowmeter 
have long been known. In its most familiar form the 
fluid enters the flowmeter at the bottom of a vertical tube 
containing a sliding-fit cylinder or float. As the float 
rises, it uncovers the port or orifice in the wall of the 
cylinder and discharges into the annular body of the 
meter (Fig. 1). The equilibrium position of the float for 
a given flow rate is reached when the pressure difference 
across the orifice balances the float weight. The pressure 
in the annular space downstream of the orifice is trans- 
mitted to the top of the float. This pressure differential. 
which is caused by the head loss across the orifice, is 
constant for all flow rates because it depends only on 
the weight of the float. 
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The Reproducible Orifice 


The first innovation reported here is the use of ultra- 
sonic impact-grinding technique (Fig. 2) to produce 
orifices of guaranteed reproducibility in metals, glass or 
ceramics. The orifices are produced by first forming a 
tool to the exact specifications for a given tube size. This 
tool, made of stainless or cold-rolled steel, is the same 
configuration as the orifice to be reproduced. The tool is 
undersized to compensate for the Norbide grit which is 
used in the cutting process. 

The tube (steel, ceramic or glass) is secured in a fix- 
ture and placed in position on the table of the ultrasonic 
impact grinder. The sized tool is silver brazed to a monel 
steel tool cone which is secured to the electromechanical 
transducer. The table of the grinder is raised to position 
the tube against the cutting tool. Vibrations of the trans- 
ducer are transmitted to the cutting tool at the rate of 
25,000 cycles per second. The Norbide grit is pumped 
against the tool face. A small space filled with the abra- 
sive fluid develops between the vibrating tool face and 
the work piece. Tiny particles of abrasive are accelerated 
by the motion of the tool tip and are driven with tre- 
mendous impact against the work, thereby grinding an 
exact counterpart of the tool face into the work. 

Using this method it is possible to calibrate one master 
tube of any given size, and the resulting linear curve is 
applicable to any tubes of the same size, regardless of 
the quantity. Curve charts are sent to customers with 
each meter; replacement tubes to the customer’s order 
are guaranteed reproducible to the master curve. 


Friction Effects 


The second basic innovation is the use of precision 
bore tubing for the cylinder, and precision float manu- 
facture to a tolerance of 0.002”. Nickel plating is used 
on the float to produce a surface finish of high accuracy 
and flatness. The result of this manufacturing technique 
is to reduce the friction between the float and the cylin- 
der wall to an insignificant amount—friction is so re- 
duced that the flowmeter is not affected by a 45-degree 
change from the normal vertical mounting position, 








Fig. 2. The ultrasonic impact grinder, 
cially for area-meter work. 


developed espe- 


Features and Advantages 


The construction technique developed permits full use 
of the features and advantages associated with the area 
meter—linear response (due to port shape) and ease of 
range change (simply by change in weight on the pis- 
ton). Fig. 3 shows a plot of an actual calibration; Fig. 4 
shows the maximum and minimum flow rates possible 
simply by changing the weight or material of the float. 
Fig. 5 shows a high-pressure (15,000 psig at 100°F) 
flowmeter for use with liquids and gases. It is used here 
with an “Atcotran” explosion-proof differential trans- 
former for signal transmission, 


Fig. 4. Area meter range can be varied through wide 
limits simply by changing float weight. 
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TUBE SCALE READING 
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FLOW RATE, LITERS PER MINUTE 


Fig. 3. Typical calibration curve. 


Extremely low gas flow rates are of particular interest 
in many fields; “Tapor-Flo” tubes of 2 and 3 millimeter 
diameters are being tooled. 

One specific feature that found ready application in 
motor test work has been the double orifice (Fig. 1). 
This specially designed custom orifice permits linear 
flow, both at low idling rates and at high consumption 
rates during maximum power output. 

It is expected that this disclosure of refinements in the 
manufacture of the area-type flowmeter will return at- 
tention to this type of flowmetering and accelerate the 
development of this phase of instrumentation, 


Fig. 5. High-pressure flow- 
meter with differential trans- 
former for signal transmis- 
sion. 
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Electronic instru- 
ment test bench 
contains complete 
array of conven- 
tional test instru- 
ments, plus a 
precision potenti- 
ometeranda 
parameters ana- 
lyzer. 


Process —= Instrumentation 


ARBIDE & Carbon Chemicals Company, South which are also located at South Charleston. On Page 231 
Charleston, W. Va., produces bulk organic chemicals. you met Tommy Thomas, Chief Instrument Engineer of 
The instrument department serves not only the plant, but Carbide & Carbon Chemicals Company; here are some 
also the company’s Research and Development center closeups of the Instrument Department itself, the Instru- 
and the Design and Construction Engineering groups, mentation Engineering Lab.. and the Hydraulic Test Lab. 


View showing 
portion of hy- 
draulic test sys- 
tem in the Instru- 
mentation Engi- 
neering Labora- 
tory. 
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View of Instru- 
ment Division 
storeroom service 
window. 


Close-up view of 
a typical instru- 
ment panel piped 
with polyethylene 
tubing, the devel- 
opment of which, 
at Carbide & Car- 
bon, changed the 


cost picture for 
pneumatic instru- 
ment installation. 





Hydraulic Test 
Laboratory, show- 
ing 4-inch plastic 
orifice run for vis- 
ual inspection. 
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PARALLEL-TRIGGERED BLOCKING OSCILLATOR 
HAS FAST RECOVERY 


Triggered blocking oscillators are used in radars to 
produce synchronizing pulses for modulators and indica- 
tors. They are used also in computers because their low 
output impedance allows them to trigger dozens of flip- 
flops with little effect on pulse shape or amplitude. 

This circuit produces a pulse with duration of from 
0.1 to 2 usec when triggered by an input pulse. Trigger- 
ing pulses can be separated by as little as 12 usec. Cir- 
cuit is NBS-BuAer Preferred Circuit PC47. 

The blocking oscillator (V2) is cut off, in the absence 
of a trigger pulse, by the 15-v bias developed across the 
divider R3, R4. The trigger triode, V1, is normally cut 
off by a similar divider. A 30-v positive trigger pulse at 
the grid of V1 produces conduction in that tube, and 
the common plate voltage drops. This negative pulse 
causes a positive pulse to be induced at the grid of V2, 
causing a still greater increase in plate current. This 
regenerative action quickly drives the tube to full con- 
duction. The duration of the pulse is determined by 
transformer characteristics, as described in the following 
circuit. The time constant in the blocking-oscillator grid 
circuit has been kept low to permit rapid recovery after 
a pulse. Capacitor C2 bypasses the bias supply directly 
to the cathode to remove the cathode resistor from the 
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grid current path. This prevents changes in load at the 
cathode output from affecting pulse width. 

Output may be taken from the third transformer wind- 
ing or at the cathode. Either polarity is available from 
the transformer winding; output at the cathode is posi- 
tive. Resistor R8 may be used to prevent ringing or 
oscillation. 

The trigger amplifier V1 prevents the blocking oscilla- 
tor from reacting on the trigger source. A disadvantage 
of this type of triggering (called “parallel-triggering” ) 
is that the delay bétween trigger and output pulse is in- 
creased. This delay results from using the transformer as 
a coupling element for the trigger, and can be shortened 
by triggering the grid directly (series-triggering) using a 
cathode-follower input stage. There is considerable reac- 
tion on the trigger source, however, despite the cathode 
follower, because of the heavy grid current. 

Input: 30-v minimum amplitude, 100-v-per-usec mini- 
mum rise time. 

Maximum duty factor: 0.05. 
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Output pulse width: 0.1 to 2 usec, determined by 
transformer. 

Output rise time: 0.05 to 0.25 usec, open circuit. 

Output amplitude: 20 v open circuit. 

Delay between input and output: 0.2 usec. 

Source: NavAer 16-1-519, Handbook of Preferred Cir- 
cuits, Navy Aeronautical Electronic Equipment, Bureau of 
Standards, Washington, D. C. 


BLOCKING OSCILLATOR FOR PRF OF 
200-2000 PPS 


Blocking oscillators are used widely to generate high- 
amplitude pulses. This free-running blocking-oscillator is 
used as a pulse-repetition-frequency (PRF) generator in 
applications where frequency stability need not be better 
than +5%. Circuit is NBS-BuAer Preferred Circuit 
PC48A. 

Half of a type 5814A dual triode tube is the blocking 
oscillator tube; the other triode section is used as a 
cathode-follower output amplifier to minimize the effect 
of load on pulse repetition frequency. 

Operation is as follows: When power is initially applied 
to the circuit, the left-hand stage begins to conduct. Cur- 
rent flow in the plate winding of transformer T1 induces 
a voltage in the grid winding. Windings are polarized 
so that the induced grid voltage is positive; this regener- 
ative action reinforces the flow of plate current, quickly 
causing the tube to reach full saturation current flow. 
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CIRCUITRY 


The circuit is the heart of all electron- 
ics. Here are 4 more basic and interest- 
ing circuits. Unless marked, resistors 
are in ohms, capacitors in microfarads. 


During this pulse-time, grid current flows, charging ca- 
pacitor Cl to about 150 v. After a time (T) determined 
by the transformer self-resonant frequency, the voltage 
across grid winding drops to zero. The voltage left on the 
grid capacitor then drives the grid highly negative, cutting 
the tube off. Grid voltage then rises exponentially toward 
ground as the charge leaks off Cl via resistors Rl and R2. 
Eventually the grid voltage rises to the cutoff value, and 
the tube again conducts; the cycle then repeats. 

The output pulse is developed across the third trans- 
former winding, which is polarized for positive pulse 
output. Gain of the cathode follower is 0.9. The cathode 
follower stretches out the fall time of the pulse; if less 
amplitude is acceptable, fall time may be improved by 
reducing the value of the cathode resistor R5. 

Pulse duration is determined primarily by pulse trans- 
former characteristics; it may be affected by capacitor 
Cl. The pulse frequency (PRF) is determined by the RC 
product in the grid circuit, the initial grid voltage at the 
start of the timing interval, and the cutoff voltage of the 
tube. Values of Rl and R2 are best determined experi- 
mentally; R2 should be large enough to permit the PRF 
to be changed about 40% to accommodate different tubes. 
Temperature-stable RC components should be used. 

The PRF changes about 1% with a 10% change in 
plate supply voltage or with a 10% increase in filament 
voltage. A decrease in filament voltage may produce twice 
the change in frequency. Changes in tube characteristics 
during the life of a tube have little effect on frequency; 
differences from tube to tube are substantial, as indicated 
above. 

Pulse repetition frequency: 200 to 2000 pps. 

Frequency stability: 5%. 

Pulse width: 0.1 to 5.0 usec, determined by transform- 
er. 

Rise time: 0.05 to 0.5 usec, determined by transformer. 

Output amplitude: 100 v open circuit. 

Output impedance: 400 ohms approx. 

Source: NavAer 16-1-519, Handbook of Preferred Cir- 
cuits, Navy Aeronautical Electronic Equipment, National 
Bureau of Standards, Washington, D. C. 


MULTIVIBRATOR 


This multivibrator generates a square or rectangular 
wave output at rates up to 100 kc: may be free-running 
or synchronized by negative pulses into either grid. Fre- 
quency is determined by value of capacitors coupling 
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each plate to the opposite grid, or by d-c voltage applied 
to bias pin, the latter also providing fine frequency 
control, 

Output: 170-v p-p into minimum load resistance of 
200,000 ohms. 

Sync signal: Negative pulse 15-v p-p minimum. 

B Supply: 200 v at 2 ma. 

Source: Circuit Z-90036, EECO Production Co., 827 
S. Vermont Ave., Los Angeles 5, Calif. 


AUDIO OSCILLATOR 


A multivibrator with tuned tank between the plates 
gives sinewave output with low harmonic content. Cou- 
pling capacitors of 100 uuf are used for 3-5 ke operation; 
lower frequencies require larger capacitance. 


be TUNED CIRCUIT 
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Output: Amplitude depends on plate supply; 150-v 
supply produces 43-v p-p output; 200-v supply produces 
65-v p-p output. Output has approx. 3% third-harmonic 
distortion at plates; 1% total harmonic can be realized 
by taking output from secondary of external tuned trans- 
former with Q of 100 or better. 

B Supply: 150 v at 3 ma.; 200 v at 4 ma; frequency 
changes 0.1% with change in B supply from 150 to 
200 v. 

Source: Circuit Z-90019, EECO Production Co., 827 
S. Vermont Ave., Los Angeles 5, Calif. 
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Fig. |. Phase-plane representa- 
tion of linear system behavior; (A) 
small damping; (B) large damping; 
(C) no damping. 





Basic Analysis Methods for 


Basic methods for analysis of nonlinear control systems include the 
phase-plane method, the describing-function method, numerical inte- 
gration techniques, equivalent (graphical) methods, and step-by-step 
techniques. The phase-plane and describing-function methods, which 
are discussed in detail, do not require exhaustive preliminary in- 
vestigation. The extensive bibliography is also of high value. 


N a linear system, a unit step function is an adequate 

test input, since every other input can be approximated 

as closely as desired by a succession of steps and the 
response calculated as a super-position of unit  step- 
response curves, properly scaled in magnitude and posi- 
tioned in time. In similar fashion, frequency-response 
tests with sinusoids of a single amplitude are sufficient: 
in fact, the frequency response can be calculated from 
the step response. 


PHASE-PLANE METHOD OF ANALYSIS 


The phase plane, whose coordinates are usually the sys- 
tem error and error rate (Fig. 1), provides both a means 
for representing pheonomena in nonlinear systems and a 
means for detailed analysis of such systems. If the system 
is described by a second-order differential equation, and 
if the input is a step or ramp function, the state of the 
system at any time is completely specified by a point in 
the phase plane. A succession of such points, joined by a 
continuous curve to show the history of the system, is 
called a trajectory. 

In the examples which foliow, we assume that the 
trajectories are known, either by experiment or calcula- 
tion. We adopt this approach to focus attention on use 
of the phase plane and the information that can be ob- 
tained from it. The real value of the phase-plane method 
lies in the fact that trajectories showing system behavior 


Contributed by the Instruments and Regulators Division for presenta- 
tion at the ASME-IRD Conference, Princeton, N. J., March 26-27, 1956. 
An abstract of Paper 56—-IRD-9. 
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can be constructed even when the variables cannot be 
found directly as functions of time. 

The following examples concern a positioning servo- 
mechanism with an output member characterized by in- 
ertia (J) and viscous friction (f). The torque used to 
position the output member is, in general, a nonlinear 
function of the error between the desired and actual 
positions of the output shaft. 


1. Linear System 


Any method for analyzing nonlinear systems also must 
work for linear systems, although the converse is un- 
happily not true. We begin by considering a system in 
which the torque is proportional to the error. The torque- 
error relation is expressed in this case by the single 
equation. 

T=K e (1) 

The system trajectories have the possible forms shown 
in Fig. 1.,We suppose that the system has been subjected 
to a step input and starts at point A. If the system damp- 
ing (proportional to f) is small, the error reaches zero 
in an oscillatory manner, shown by the spiral trajectories 
of Fig. 1 (A). If the system damping is large, the error 
decreases to zero without overshoot, as shown in Fig. 1 
(B). If the system damping is zero, continuous oscillations 
occur; the system returns to its starting point on a closed 
elliptical trajectory, as shown in Fig. 1 (C). 

Since the positive error rate always corresponds to an 
increasing error and a negative error rate to a decreasing 
error, the arrows along the trajectories always point to 
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Fig. 2. (A) Torque-error re- 
lation in saturating linear sys- 
tem; (B) Phase-plane repre- 
sentation of step response. 
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the right in the upper half of the plane and to the left 
in the lower half. 

This system is stable for all parameter values (except 
f<0) since all trajectories end at the origin, and the 
steady-state error for step inputs is zero. Because the 
system is linear, trajectories for other step magnitudes 
can be drawn by a simple scaling process, expanding or 
contracting the given trajectories to pass through the 
specified initial point. 


2. Saturating Linear System 


The system considered in the first example becomes 
nonlinear if the torque becomes constant (+T,,) when- 
ever the absolute error exceeds a certain value (e,), as 
indicated in Fig. 2 (A). The torque-error relation is now 
given by three equations 

T = +T,, for e>e, 
T = Ke for —e, < e<e, 
T = —T,, for ex —e, (2) 

The phase plane likewise may be divided into three 
regions—a linear region bounded by the lines e = + e, 
and two saturated regions. In the linear region, the 
trajectories have the possible shapes of Fig. 1, the exact 
shape depending on the parameters of the system. In the 
saturated regions, the trajectories approach a limiting 
error rate: e = -—T,,/f. 

A typical trajectory, obtained by fitting together tra- 
jectories appropriate to the respective regions, is shown 
in Fig. 2(B) for the case T, = J = f = e, = 1. The 


system is again stable and all trajectories will end at the 


origin. Since the trajectories cannot enter the linear 
region with an error rate greater than the limiting rate, 
the overshoot cannot be much greater than shown, about 
one third of a unit for a three-unit step input. 


3. Relay System 


If e, in the previous system is made smaller and smaller 
by increasing K, the system becomes effectively a relay 
system in which the torque-error relation is 

T = +T, for e>o 
T = —T, for e<o (3) 

The phase plane is now divided into two parts with 
relay operations occurring on the dividing line between 
the two regions, e — 0. The trajectory following a four- 
unit step is shown in Fig. 3. The system is again stable 
and the maximum possible overshoot is about one-third 
unit. 


4. Relay System with Lead Network 


The overshoot exhibited by the relay system can he 
reduced by use of a lead or rate network, making the 
torque-error relation 

T = +T,» for e+ T,é>0 
T = —Tn for e+ T,e<0 (4) 
The phase plane is divided into two regions by the line 
e+T,é = 0 (5) 
where T, is the time constant of the lead network. A 
typical trajectory is shown in Fig. 4 for the case T, = 
0.2; the overshoot in this case is about one-tenth unit. 
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Fig. 3. Phase- 
plane represen- 
tation of relay 
system. 
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Fig. 4. Phase- 
plane yo gored 
tation of relay SWITCHING LINE 
system with lead 
network. 





Overshoot can be eliminated completely by the substitu- 
tion of a nonlinear relation for the straight line of Equa- 
tion (5); this observation is the basis for the design of 
optimum relay servomechanisms which have been dis- 
cussed extensively (see reference 12 for a partial list of 
pertinent references). 


5. Relay System with Time Delay 


Suppose that the relay starts to operate when the error 
is zero but that torque reversal actually occurs Tg time 
units later. Since the distance travelled in a fixed time is 
proportional to the velocity, the effective switching line 
is as shown in Fig. 5, switching is initiated at point B, 
but torque reversal does not occur until the trajectory 
reaches point C. The system is now unstable; with all 
trajectories ending in a closed curve or “limit cycle.” 
The amplitude of the limit cycle in this case is about one- 
third unit; the period of oscillation is not available di- 
rectly but.turms out to be about 3.7 time units. 


6. Relay System with Dead Zone 


In this case, we suppose that a finite error signal is 
needed to operate the relay but that relay operation is in- 
stantaneous. The torque-error relation is therefore 

[= +n for e>e,4 
T = 0 for —ey<e<eg 
T = T,, for e<—eg (7) 

‘The phase plane is again divided into three regions. 
In thé regions corresponding to +T,, and —T,, the 
trajectories are similar to those of the saturating linear 
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Fig. 5. Phase-plane repre- 
sentation of relay system 
with time delay. 





system or relay system (Examples 2 and 3). In the center 
zone where no torque is applied to the output member, 
the error rate decreases because of friction losses; the 
— in this region are straight lines with a slope 

J de 

A typical trajectory is plotted in Fig. 6 for the case 
€qy — 0.25; the overshoot is about 0.4 unit and the final 
error about 0.125 unit. This system is stable in the sense 
that the error rate eventually reaches zero; there is, how- 
ever, a steady-state position error less than or equal to eg. 


Comments 


The phase-plane method is suitable for transient anal- 
ysis of systems described by a single nonlinear differ- 
ential equation of second order, or by a succession of 
linear or nonlinear differential equations, each applicable 
in certain ranges of the variables. Several nonlinearities 
can be considered simultaneously. A phase-plane analysis 
can be made as accurate as desired and shows the general 
nature of the system behavior. In addition, the phase- 
plane plots give a direct indication of the degree of 
damping or amount of overshoot and the amplitude of 
any sustained oscillations which may occur. 

The times associated with each point on a trajectory, 
needed to find the response time for step inputs or the 
period of any sustained oscillations, are not directly 
available; they can, however, be computed from the 
relation: 

eg 


tan — J (1/é) de (8) 


€a 
or by a graphical construction due to Diprose. 

A unique relation between the system trajectories and 
the phase-plane coordinates exists only for second-order 
systems subjected to step or ramp inputs. The behavior 
of a second-order system with more general inputs can 
be computed by generalizations of the basic phase-plane 
techniques and recorded in the error-and-error-rate plane. 
For higher-order systems, a phase space is required; 
projections of phase-space trajectories into the error- 
error rate plane may still be useful. 


DESCRIBING-FUNCTION METHOD 


The describing-function method rests on the work of 
Fourier and parallels techniques used for some time in 
the field of nonlinear mechanics. As a method for analysis 
of nonlinear control systems, it seems to have been devel- 








oped independently and almost simultaneously by Tustin 
in England 1°, Goldfarb in Russia‘*, Oppelt in Germany"’, 
Dutilh in France'’, and Kockenburger in the United 
States'®, Numerous extensions and applications of the 
basic idea have been made in the last few years. 

The describing function for a nonlinear element is 
found by applying a sinusoidal input to the element and, 
using standard Fourier analysis techniques, determining 
the fundamental component of the distorted output. The 
describing function has two parts; (a) the output-input 
amplitude ratio, computed from the peak values of the 
fundamental output component and the sinusoidal input; 
and (b) the phase shift between the sinusoidal input and 
the fundamental output component. For the examples 
used in this paper, the phase shift is zero. For elements 
which are completely described by a curve relating the 
instantaneous input and output, the describing function 
depends on the magnitude of the input but is independent 
of its frequency. 

The describing function for a saturating linear element 
is shown in Fig. 7. For inputs less than x,, the describing 
function is K, the slope of the output-input curve. For 
larger inputs, the output magnitude is limited and the 
describing function decreases. 

Use of describing functions is based on the block dia- 
gram shown in Fig. 8. For checking stability, we can 
assume the input (r) is zero. The condition for the exist- 
ence of a sustained oscillation is 

e= —c (9) 


2=— (10) 
or (11) 
if we let G = G, Go. In these equations, G; and Gz repre- 
sent ordinary linear gain functions which are independent 
of amplitude but dependent on frequency, and Gp is the 
describing function for the nonlinear element, the non- 
linear torque-error relation. 
To check for the existence of sustained oscillations, we 
will write Equation (11) in the equivalent form 
G = —1/Gp (14) 
We then plot G and — 1/Gp as separate curves in a 
standard polar plot, showing the magnitude and phase 
of each quantity. Intersections of the two curves, if any 
exist, give the approximate magnitude and frequency of 
possible sustained oscillations. Further analysis is re- 
quired to determine whether the intersections are points 
of convergent or divergent equilibrium’®. 


which requires that 


Example 1. Linear System 


If there is no saturation, the torque-error relation is 
simply Gp = K. The curve —1/Gy becomes the point 
—1/K. As shown in Fig. 9, G(w) is infinite and has a 
phase angle of —90° at zero frequency, and approaches 
zero with a phase angle of —180° at infinite frequency. 
As is the case with the usual Nyquist criterion, the system 
is stable since the curve G(w) does not enclose the critical 
point —1/K, regardless of the value of K. 


Example 2. Saturating Linear System 


Fig. 7 indicates that saturation causes Gp to become 
less than K when the input to the saturating element is 
large. Thus 1/Gp is always equal to or greater than 1/K, 
and —1/Gp occupies the entire negative axis of the polar 
plot to the left of the point —1/K, as shown in Fig. 9. 
The system is stable under the conditions shown. It could 
exhibit sustained oscillations if K were increased and if 
additional phase lags, indicated by the dashed line, were 
introduced. 





Fig. 6. Phase- 
plane —— 
tation of relay 
system with dead 
zone. 
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Fig. 7. Describing function for saturating linear ele- 
ment. 
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Fig. 8. Block diagram of control system with a nonlinear 
element. 
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Fig. 9. Polar 
plot for linear 
system or satur- 
ating linear sys- 
tem. 
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Fig. 10. Describing function for ideal relay. 
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Fig. 11. Polar plot for system with ideal relay. 
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Fig. 12. Polar plot for system with ideal relay and time 
delay. 
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Example 3. Relay System 


The calculation of the describing function for an ideal 
relay is based on Fig. 10(A). Since the relay is assumed 
to have no dead zone the relay output is a square wave 
for a sinusoidal input of even infinitesimal amplitude. 
Since the fundamental component of a square wave is 
(4/7) (peak values), Dp is a constant divided by X,, 
giving the hyperbola plotted in Fig. 10(B). Since Gp 
now ranges from zero to infinity, —1/Gp occupies the 
entire negative axis of the polar plot, as shown in Fig. 11. 
For the G(w) considered in these examples, the system is 
stable; with any slight additional phase shift, sustained 
oscillations would take place. 


Example 4. Relay System with Time Delay 


Addition of time delay to the relay system can be 
represented by adding a phase shift proportional to fre- 
quency to G(w). giving the curve shown in Fig. 12. The 
curves G(w) and —1/Gy intersect at Point A, indicating 
the possibility of a sustained oscillation. In terms of the 
usual Nyquist criterion. all points on —1/Gp between A 
and the origin are enclosed by the curve G(w), so that 
the system is unstable in some sense for the small X; 
amplitudes associated with G, in this range. In similar 
fashion, the system is stable for points on —1/Gp to the 
left of A which are not enclosed and which correspond 
to large X; amplitudes. Point A is therefore a convergent 
equilibrium point, since large amplitudes decay to A and 
smaller ones grow to A. Following any slight disturbance, 
this system will therefore oscillate with the approximate 
frequency and amplitude associated with point A. 


Comments on Describing-Function Technique 


The describing-function method gives a direct indica- 
tion of the existence, amplitude, and frequency of pos- 
sible sustained oscillations. In general, the errors in the 
predicted amplitude and frequency are not more than 
10%.!® This accuracy is probably consistent with the 
original data and adequate for most engineering pur- 
poses. On the other hand, the describing-function method 
is inherently an approximate method and may therefore 
fail occasionally to predict a sustained oscillation which 
actually does occur, or may predict one which does not 
occur. 

The proximity of the —1/Gp and G() curves gives 
a rough idea of the relative stability of the system and 
thus provides a very qualitative indication of the tran- 
sient response to be expected. The curves also can be 
used to construct approximate frequency-response curves 
for the system; unlike the linear case, the output-input 
ratio is a function of amplitude as well as frequency. 

In contrast with the phase-plane method, the describ- 
ing-function method is applicable to systems in which 
the linear elements are described by differential equations 
of third or higher order. The effects of various compensa- 
tion methods (which increase the order of the differential 
equations) can be examined by making appropriate 
modifications of the G(w) curve, as in the case of linear 
system design. 


Other Methods 


A number of other methods, less widely used, also are 
available for analysis of nonlinear control systems. Most 
of the methods mentioned in the following paragraphs 
are useful for determining the response of systems to 
particular inputs. 

Numerical integration techniques, in principle, always 
can be used if the differential equations can be written. 





Many of the numerical methods concern a first-order 
equation: 

x =F (x, t) (15) 
or systems of such equations, although methods also 
exist for dealing directly with second-order equations. 
These methods are essentially extrapolation and cor- 
rection schemes. The simplest procedure is linear extra- 
polation, using the relation 

x(t-+At) = x(t) + (At) x(t) (16) 
The computed value of x can be used to obtain an average 
x in the interval At, from which a more accurate value 
of x can be found. Still better methods are described in 
texts on numerical analysis®*. These methods are some- 
what tedious for hand use but are basic to automatic 
digital computers. 

Equivalent methods in which the integrations are per- 
formed graphically (instead of numerically) have been 
proposed by Hsia*® and Paynter?'. 

A number of step-by-step methods combining numer- 
ical and graphical techniques have been proposed by 
Tustin?*, Madwed?*, and Stout?*. In these methods, the 
response of a linear element is computed from its input 
by numerical methods, making direct use of the super- 
position principle, and the nonlinearity is taken into 
account by a graphical construction. 

Another adaptation of the superposition principle was 
used by Kahn*° in a study of relay servomechanisms. 
Since the system following the relay was linear, its output 
could be found by superposition of step responses cor- 
responding to the application and removal of a fixed 
input by the relay. The variables entering elements pre- 
ceding the relay determine the times of relay operation 
but do not otherwise affect the system output. 

In certain systems, such as the saturating or relay 
systems used in the examples, operation is governed by 
a number of linear differential equations applicable in 
restricted ranges of the system variables. This property, 
known as “piece-wise linearity,” can be used to good 
advantage in phase-plane analysis and also can be used 
to construct response curves directly as functions of 
time. The response for any input is found by joining 
solutions of the linear equations at transitions from one 
mode of operation to another. the final conditions for one 
mode becoming the initial conditions for the next. 
Hazen”® investigated the conditions for sustained oscilla- 
tion in relay servomechanisms using this method, and 
Nichols** recently used the same approach to check the 
accuracy of a describing-function analysis. 


Conclusions 


The phase-plane and describing-function methods can 
furnish answers to many—but not all—of the perform- 
ance questions which concern the control-system design- 
er. The two methods complement each other, the phase- 
plane method being useful for second-order systems and 
the describing-function method for high-order systems. 
The phase-plane method deals primarily with transient 
conditions, however, while the describing-function meth- 
od is concerned with steady-state oscillatory conditions. 
Extensions of both methods have been and will be de- 
vised to remedy these limitations and to increase their 
usefulness. 

A number of other methods are available for nonlinear 
control-system analysis. Unlike the phase-plane and de- 
scribing-function methods, these methods reveal general 
features of system behavior only after exhaustive in- 
vestigation of all kinds and sizes of system inputs. These 
methods are therefore better adapted to analysis of spe- 
cific systems than to system design or modification. 
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Hydrologic Data Telemetering 


Basic problem in flood and dam control is rapid knowl- 
edge of rainfall. This simple keying device teleme- 
ters the data to a central hydrologic control station. 


Fig. |. Eccentric (upper left) operates Micro- 
switch to produce one pulse for each 0.1-inch travel 
of probe on lead screw. 
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Fig. 2. Sequence of transmitted pulses. 
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Fig. 3. Catch can with transmitter removed shows 
duplicate (exterior) lead screw, limit switches, and 
keying components. 
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for calculation of runoff and its effect on the stage 

of tributaries and main streams. This knowledge 
is needed in order to store or release water to best advan- 
tage and thus use reservoirs effectively. 


PM b= exten of rainfall is the starting point 


Operation 


A motor-driven electrically-insulated probe determines 
the water level in a can by traveling from a positive fixed 
reference down to the water surface (Fig. 1). The liquid 
level is determined by subtracting the number of pulses 
generated (from start of travel to surface contact) from 
the total range (capacity) of the can. 

During the travel of the probe toward the water surface, 
a pulse is made for every 0.1-inch probe travel. On con- 
tact with the water surface, the drive motor is reversed, 
returning the probe to the top reference. Pulses are 
locked out on the return stroke. 

At the receiving station, the counter-printer receives 
two types of pulse information (Fig. 2). These are step 
(B) pulses and count (A) pulses. The first B pulse (B1) 
sets up the counter-printer to receive a quantity (0 to 9) 
of A pulses, identifying the station by printing a letter 
ranging from A to J. The second B pulse (B2) again 
sets up the counter-printer to receive a second quantity 
of A pulses. This time each pulse represents 0.1l-inch 
travel of the descending probe. After completion of the 
A pulses, another B pulse (B3) causes the counter-printer 
to print the stored information and reset, ready for an- 
other cycle. 

“Calrod” heaters are used with thermostats to prevent 
freezing and yet not cause excessive evaporation error. 
This permits year-round use. The device has been in 
satisfactory operation on a 170-Mc FM telemetering link. 
(Sixteen hydrologic frequencies between 169 and 172 
Me are now in use by the Corps of Engineers. ) 

Comparison of telemetered rainfall amounts with a 
standard weighing-recording-type rain gage shows accu- 
racies that are within the catch variation expected be- 
tween two rain gages. 


Interrogation 
Selective tone generator FM/AM (or FM/FM) equip- 
ment is used at both ends for interrogation and for re- 
transmission. The r-f output is 50 watts (limited by law). 
With antenna gain, this power permits telemetering over 
30 miles—more with repeaters. 
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New BScB 





‘series 


TOPWORKS 


... Give FAST, 
ACCURATE Response! 





Buna-N moulded diaphragm, reinforced with 
nylon, gives uniform cross sectional thrust 
over full valve travel. 


N EW Cadmium plated pressed steel diaphragm 
cases give maximum strength and corro- 
sion resistance with minimum weight. 
Special chromate treatment provides 
superior bonding agent for paint and 
added corrosion protection. 


Bolted clamp ring device inte- 
grates body and topworks as- 
semblies into a single unit, 
and permits yoke to be 
oriented to any conveni- 

ent position for ob- 
servation and action. 








Four sizes of Super 70 Series Topworks 
are available in both direct and reverse 
acting types. Both are interchangeable 
on single port, double port, or split body 
styles. A single spring, precision cali- 
brated to plus or minus 2% of rating, 
provides accurate travel response to 
changes in diaphragm loading pressure. 

"eae (Reverse type topworks uses recessed 
spring). Ductile iron yoke provides the 
rigidity of cast iron and the safety of 
steel. All units use split and bolted stem 
connector and adjustable travel scale 
plate. 


OVER 60 YE\ARS 


This advertisement highlights only features of the Super 
70 Series Topworks. For information on the new valve 
bodies of the Super 70 Series line, ask for Catalog 70-11. 


ee 
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* Exampue of proouct HEA? 


Brack, SIvALLs &&2RYSON, INC. 


Controls Division, Dept. 4-V2 
7500 East 12th Street Kansas City 26, Missouri 
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How to get maximum combustion 
efficiency...measure both 
combustibles and oxygen 











Simultaneous measurement of both oxygen 
and combustibles is needed to obtain optimum 
combustion. No instrument that measures only 
one of these two interdependable factors can 
give you the full information necessary. 


Now, Bailey offers two units, each giving a con- 
tinuous and simultaneous double check on 
combustion efficiency: a permanent analyzer- 
recorder which records both factors on a single 
chart; and a new light weight, portable unit 





ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


which indicates both factors. 


HEAT LOST IN FLUE 


Both instruments measure: (1) excess air—re- 
gardless of the fuel or combinations of fuel 
being burned, (2) mixing efficiency of your fuel 
burning equipment by showing per cent com- : TOTAL AIR - PER CENT 


bustibles in the flue gas. 


\ 














- lesi i F ee Maximum Combustion Efficiency is secured by keeping the sum of Excess Air 
Both units are designed to increase efficiency Loss and Unburned Gas Loss to a minimum. To do so by the direct method sim- 


in the furnace operations of the steel industry, ply measure both oxygen and combustibles in flue gas. 

on glass tanks, cement and lime kilns, ceramic 

and refractory kilns, steam boilers and also on direct and into these two efficiency provers. A Bailey engineer 
indirect-fired furnaces in the metal processing industries. will be glad to give you details or write us for product 


To prevent your money from becoming waste gas, look specifications. 


For portable use— For permanent installation 
HEAT PROVER Analyzer Oxygen-Combustibles Recorder 


The famous Cities Service 
HEAT PROVER analyzer é Che Bailey Oxygen-Combus- 
is now Bailey built and tibles Analyzer -Recorder 
sold. Weighing only 25 coordinates both records on 
pounds, it is a self-con- one chart. These records 
tained automatic analyzer enable the operator to keep 
including a sampling tip fuel burning equipment per- 
and hose plus a thermo- forming continuously in the 
couple for temperature zone of maximum combus- 
measurement. tion efficiency. Excess air 
. may be reduced to the point 
Instrument dials are dual 2 : ee : 
y where combustibles begin 

range for greater accuracy 

ae : to show. 
and sensitivity. 








Instruments and controls for power and process 


BAILEY METER COMPANY 


1041 IVANHOE ROAD e CLEVELAND 10, OHIO 


In Canada—Bailey Meter Company Limited, Montreal 
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L. K. Edwards (center), head of the Advanced Design and Sys- guidance with W. F. Wright (right), head of the Analysis, Plans and 
tems Analysis Department, discusses atmosphere effects on missile Reports Section, and A. L. Lowell, Advanced Design Staff Engineer. 


MISSILE SYSTEMS ANALYSIS —a field of varied assignments 


Engineers and scientists seeking a wide range of assignments 
will be interested in Lockheed Missile Systems Division’s 
concept of systems analysis. For at Lockheed, systems analysis 
responsibilities involve virtually every phase of missile 
preliminary design and development. Essentially, engineers 
and scientists in this department formulate overall analytical 
treatment; perform original analyses when problems defy 
conventional handling; coordinate analytical activities 

among different departments. 


Present openings are in areas related to inertial guidance, 
functional systems, power plants, control systems and overall 
weapon configuration. Openings are at Sunnyvale and 

Van Nuys Engineering Centers. 


Inquiries are invited from engineers and scientists whose ability 
and aptitude demand a wide range of assignments. 


eee ee eeee ee ee eeeeeeeeseseES ES ESeeeeeeeseeteeeseeeeseess 


Sedkbeed 


MISSILE SYSTEMS DIVISION 


research and engineering staff 
LOCKHEED AIRCRAFT CORPORATION 


VAN NUYS ¢ PALO ALTO «¢ SUNNYVALE 


CALIFORNIA 








NOW E-I OFFERS 
THE COMPLETE GRAPHIC DATA 
HANDLING LINE... 


mode!l 100 
) -Y } e C O } e } S 82x11”, flatbed, or rack mounted 
0.25% accuracy 


¥2-second full scale pen speed 
11 scale ranges, 5 mv to 500 v full scale 
200,000 ohms-per-voit input impedance 


plus a COMPLETE line 
of ACCESSORIES! 


Every operating convenience possible has been built 
into these new E-I X-Y Recorders to provide maximum 
simplicity of control and ease of maintenance. 


In addition, numerous performance features such 
as freedom from jitter, isolated inputs, automatic 
pen lift, vacuum hold-down, high-performance 
servos, and sensitivities from 0.5 mv per inch to 50 
volts per inch provide performance excellence found 
in no other recorders. 


Models are available for general-purpose recording, 
data handling, and analog computer recording and 
function generations. Ask your E-I representative for 
the complete story. 


modei 200 


11x17”, flatbed 

+ 0.15% of full scale accuracy 

20” per second slewing pen speed 

3 scales; 0.1 v, 1.0 v, 10 v per inch 

scale and zero potentiometers 
with in-line dials 

1 megohm input resistance 


Shown with Keyboard (Model 175) 
. and Symbol Generator (Model 250) 
All models avaitable for standard rack 10-key keyboard 
mounting. 11x17” instruments may be ; = me ‘s lect 
used in standard cabinet or rack mounted ay eee See ene 
— without changing metalwork! _ — complete operational controls 


model 225 


11x17”, flatbed 

+0.2 full scale accuracy 

20” per second slewing pen speed 
built-in electronic reference 

16 scale ranges, 0.5 mv to 50 v per inch 
200,000 ohms-peys-volt input impedance 


LECTRO 
Accessories include: Curve follower ! 
(Model 210), Card-Tape Converter (Model NSTRUMENTS 


150), Keyboard (Model 175), and Symbol ee 
Generator (Model 250). inc. 


3794 Rosecrans Street, San Diego 10, California 
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_Unique combination of fine engineering 
_and economy! 


..the new 
FOXBORO 





INDICATING 


PRESSURE 
TRANSMITTER 


Easier to Read... large indicator 
scale, visible at 20 ft. 


FOXBORO 


Easier to Calibrate ... simple 
adjustments “on location” 


More Compact... single, integral 
instrument — 


Any way you look at it, the new Foxboro M/44 

Pneumatic Pressure Transmitter gives you an un- 

matched combination of fine engineering and 

economy. First; because it is an engineered instru- 

ment. There are no attachments or “makeshifts”. In appearance, too, the M/44 has unmistakable 
Second; because it utilizes standard Foxboro parts Foxboro quality. Features like the high-legibility 
throughout—parts which have been performance- indicator scale, the compact drawn-steel case with 
proved in thousands of successful installations of tough polyester plastic cover. It’s the neat, high- 
other Foxboro Instruments. And this means not efficiency, low-cost pressure transmitter for cen- 
only top performance, but easier servicing and tralized operation or control. All standard ranges. 
stocking as well. Third; calibration is simple, right 

in the field, because the M/44 is “convenience- Write for complete details 

designed” by men with years of experience in THE FOXBORO COMPANY 

every phase of instrument design and application. 462 Norfolk Street, Foxboro, Mass. 


FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND FOXBORO 


ee T. OFF 





INSTRUMENTATION FOR INDUSTRY 
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Completel 


10°:1 High:P 


Heat rapidly dissipated by unique heat-sink design. 
No output transformer needed—amplifier works directly into Oster- 
designed size 10 servo motor with center tapped control winding. 


AMPLIFIER DATA 

e Input Impedance: 2500 ohms. 

e Load Impedance: 250 + JO ohms. This is the 400 cycle 
stall impedance of an Oster Type 10-5054-03 servo motor 
control phase when resonated with 2.0 microfarad capacitor. 

e Power Gain (open loop conditions—no negative feedback): 
50 D. B. minimum. 

e Power Output: 0.5 watt minimtm. 

e Power Requirements: 

+ 19.5 Vde—250 ma. 
+ 4.5 Vde— 20 ma. 
+ 8.5Vde— 6ma. (regulated + 5%) 

e Amplifier Rating: 0.5 watt min. at 25°C. 

e Environment proof operation assured by encapsulation of 
amplifier assembly. 


TRANSISTORIZED 


AMPLIFIER 
& SERVO MOTOR 


AMPLIFIER 

SERVO 
TRA 
YPt we NSISTOR 


- me] 
TUR ~ 

RACINE wig : 
USa 





SERVO MOTOR DATA 


e With .015V at 400 cycles applied to amplifier input, motor 
pinion rotates 5000 RPM minimum under no load condi- 
tions. 


e With .075V at 400 cycles applied, motor develops .|5oz.-in. 
minimum stall torque. Minimum speed 6200 RPM under 
no load conditions. 


e Up to 0.2 oz.-in. torque can be obtained by energizing the 
reference phase with 31.0V if motor has an adequate heat 
sink. This results in a reference phase current of approx. 
.210 amperes. 


Engineers for Advanced Projects: 

Interesting, varied work on designing 

transistor circuils and servo mechanisms. Contact 
Mr. Zelazo, Director of Research, in confidence. 


Input impedance variations to meet your specific requirements can be made. Write for additional information today. 





Other products include actuators, servos, synchros, AC drive 
motors, servo mechanism assemblies, DC motors, motor- 
gear-trains, fast response resolvers, servo torque units, refer- 
ence and tachometer generators, synchro indicators and 
motor driven blower and fan assemblies. 








MANUFACTURING CO. 
Your Rotating Equipment Specialist 


poe 


Avionic Division 
Racine, Wisconsin 


BURTON BROWNE ADVERTISING 


tion 
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How do you get rapid, accurate data 
on the fuel/air distribution within a 
jet engine? Pratt & Whitney Air- 
craft’s new dynamic sampling sys- 
tem has solved this long-standing 
problem of the aircraft industry. In 
the first few minutes of operation, 
the Consolidated System proved 
capable of measuring fuel/air ratios 
continuously and automatically— 
providing plotted data never before 
obtainable so rapidly and so easily. 

The complete system consists of a 
CEC 21-620 Mass Spectrometer and 
a constant-pressure, explosion proof 
manifold which does the sampling 
through a probe in the burner cham- 
ber. Gas samples reach the mass 
spectrometer 75 feet from the test 
burner in five seconds. The CEC 
System also makes it possible to fol- 
low thermal cracking and reforming 
of fuel components within an engine 
at extremely high temperatures. 


THE CEC 21-620 
MASS SPECTROMETER 


is ideally suited for process-stream or 
atmosphere-monitoring applications, 
especially when higher molecular 
weight gas or liquid components are in- 
volved... provides accurate readings 
in the range of mass 2 to mass 150. For 
detailed information, please contact 
your nearby CEC field office, or write 
for Bulletin CEC 1824-X14. 


Consolidated Electrodynamics 


(cec} 300 North Sierra Madre Villa, Pasadena, California 


NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES 
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Two-Range Flow-Rate and 


This two-range dual-meter flow rate and totalizing system 
provides for the remote indication of fuel flow rate and 
individual totalization of the quantity of fuel. The meas- 


uring system automatically selects the optimum range. 


signed around two “Pottermeter” turbine-type flow- 
rate pickups to provide the following operational 
features (Fig. 1): 

1. The system selects the sensing element and indicator 
range that permits maximum readability for the rates of 
flow in use for different phases of a test program. This 
selection is completely automatic. 


‘ FUEL flow-rate and totalizing system has been de- 





HERMAN H. ROSS, JR. 


Potter-Pacific 


WILLIAM CHRUSCH 


Potter Aeronautical 


2. A flow-rate converter unit indicates the rate of flow 
on a single visual indicator. The same visual indicator is 
used for both Pottermeters and the range used is de- 
termined by the automatic selector. Colored lights are 
used to indicate both the range being displayed on the 
visual indicator and the totalizer operation. 

3. A totalizer unit indicates the total quantity of fluid 
that has passed through each Pottermeter. This total 





110V 110V 
60... : “A 400. * sec 








ZS 


L 


INDICATING 
METER 




















MODEL 3C-2 
MODIFIED 


| 


SIGNAL 
JUNCTION 
AND 
SWITCHING} 























POTTERMETER 


POTTE 
OTTERMETER LO-RANGE 


HI-RANGE 











ai —— 
| 
Yo 
<—ews? 4 
SOLENOID! 


A 
ren 


Page 276—Instruments & Automation—Vol. 30 








JUNCTION 
BOX 


a, 

















COUNTER COUNTER 
HI-RANGE LO-RANGE 


Fig. 1. Block diagram of system. The 3C-2 is a 
two-channel flow-rate converter; the Model 31's 
are totalizers that operate the counters. The signal- 
junction-and-switching unit selects the correct pri- 
mary element and converter channel. 











Totali## 


Fig. 2. The complete system. 


is indicated on remotely located mechanical registers. 

4. The system accuracy for flow rate readings is =1% 
(all that is necessary as the rate adjustment need be 
only approximate to set the flow system levels; the system 
is capable of better accuracy if a more accurate visual 
indicator is used). As the total volume of fuel through 
each meter is the variable of particular interest in this 
test installation, the accuracy of this reading must be 
+0.5% of the total indicated value. 


System Operation 


Fig. 1 is a block diagram of the system, designed by 
the Potter Aeronautical Corporation to meei the measur- 
ing and indicating requirements for this special test 
program. The system consists of standard Potter com- 
ponents, modified and integrated into a complete system 
package by the Systems Engineering Group at the Union. 
New Jersey facility. 

Two Pottermeter sensing elements are arranged in 
series, with the low-range element being protected by a 
solenoid-actuated bypass valve. The signal to actuate the 
bypass valve is supplied by the signal junction and 
switching unit, which receives the data from the two 
Pottermeters, and routes it to the proper end indicating 
instruments. 

The signal that controls the routing is developed in 
the signal junction and switching unit, based on the 
signal output of a 3C-2 converter. The signal junction 
and switching unit also supplies the range-change control 
signal to the 3C-2 range selection relay and the flow 
signal information to the appropriate Model 31 flow 
totalizer. 


Signal Junction and Switching Unit 


The signal junction and switching unit is the logic and 
main control point of the system. It is a specialized item 
that was developed for this system but, when utilized 
with the modified 3C-2 unit, would be satisfactory for 
many indication and control applications. 

The “heart” of the logic unit is a meter-type relay of 
l-milliampere sensitivity, with provisions for high- and 
low-current contacts. Two slave relays are used to actuate 


a latching relay which does the actual switching of the 
external circuits. The latching relay also provides the 
contacts for operation of the solenoid-actuated bypass 
valve. As used in this system, it: 

1. Selects and distributes the flow signal information 
from the two Pottermeter sensing elements (including 
shorting the input of whichever Model 31 totalizer is 
not active). 

2. Selects the correct state for the range-change relay 
in the Model 3C-2 flow-rate converter. 

3. Provides the necessary interlocking and switching 
to prevent unwanted and incorrect indications. 

These functions are determined by information received 
from the 3C-2 flow rate converter. The power required 
for the operation of the signal junction and switching 
unit is also derived from the 3C-2 unit. 


Flow Totalizers 


The Model 31 flow totalizers are essentially pulse 
counters and have an output relay that closes once for 
every 32 pulses received at the input. The relay circuitry, 
as a result of the scale-of-32 step down, operates a me- 
chanical register well within the register capacity to 
achieve positive and reliable operation. 

The Model 31 totalers were designed for airborne ap- 
plications and require 400-cycle 110-volt ac and 28-volt 
de for operation. The counters are also operated from 
28-volt de. Similar systems can be designed for opera- 
tion from 60-cycle 110-volt ac sources. 


Flow-Rate Converter 
The major component of the system is the 2-channel 


Model 3C-2 flow rate converter. The converter transforms 


cael 











March Meeting: Thursday, the 21st, Rio Hondo 
Country Club, Downey, Calif. 

Feature: John Illish and Howard Gee, Time Equip- 
ment Div. of IBM Corp., will present a paper on 
“Automatic Production Recording.” 
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YOUR POTENTIOMETRIC INSTRUMENTS 


TAN 
AHEART 
00) 


O matter how perfect otherwise, 
the human organism isn’t much good 
without a dependable heart. The same 
is true of your automatic temperature 


and pH control instruments. 


The “heart” of most such instruments 
for the past quarter century has been 
the Eplab Standard Cell. It is a “‘yard- 
stick”’ for translation of voltage to tem- 
perature or pH. The first American 
commercial cell of its type, constantly 
improved by research, it is “‘as standard 


as sterling”’. 


Get ACCURATE temperature or pH 
control with potentiometers and make 


sure the standard cells are EPLAB. 


The Eppley Laboratory, Inc. 2 Sheffield Ave., Newport, R. I. 


EPLAB Standard CELLS 


FOR POTENTIOMETRIC INSTRUMENTS 
43 Standard aa Sterling” 
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Fig. 3. Cross-section of one of the two pickups. The 
output is an a-c signal whose frequency is a linear func- 
tion of flowrate. 


the input a-c signal from the pickups into a direct current 
that is proportional to the a-c frequency. The full-scale 
input frequency range of the unit is 50 to 3200 cps, 
selectable in 6 ranges. The output direct current is pro- 
portional to, and a linear function of, the input a-c fre- 
quency and delivers 0-1 ma into a 100-ohm external 
load. 

The unit normally is supplied with a manual selector 
switch which selects the input channel and range ad- 
justment to be used. Each input channel is provided 
with a separate range adjustment potentiometer to permit 
individual span adjustment to accomodate the sensing 
element in use. 

The modifications made to the 3C-2 for automatic op- 
eration were as follows: The channel selection switch 
was replaced with a relay (operated by a signal from 
the signal junction and switching unit); pilot light in- 
dicators were added to provide a visual indication of 
what channel is in use; a spring return manual overide 
switch was included to permit the operator to overcome 
the automatic operation for independent channel calibra- 
tion of each channel. 


Sequence of Operation 

At the initial state of the system, the 3C-2 unit is 
in the low-range channel position, the bypass is closed, 
and the signal from the low-range Pottermeter is supplied 
to the 3C-2 flow-rate converter and the low-range Model 
31 flow-totalizer and counter. The indication on the 
visual meter is a direct current proportional to the fluid 
flow rate. The mechanical register trips one count for 
every 32 pulses from the Pottermeter. 

As the flow rate increases in accordance with the test 
requirements, the d-c output current on the visual meter 
increases proportionally. When the output current value 
reaches 0.95 ma the high-current contact in the meter- 
relay in the signal junction and switching unit initiates 
the necessary relay closures to transform the system 
operation to the high-range phase. 

At the initiation of the switch-over, the latching 
relay signals the bypass valve to open, shorts the signal 
input to the low-range Model 31 and counter, switches 
the 3C-2 to the high-range channel, and supplies the flow 
signal from the high-range Pottermeter to the high-range 
Model 31 totalizer and counter. 

When the flow rate drops to a point where the in- 
dicated direct current is less than 0.15 ma, the unit 
automatically shifts back down to the low-range phase of 
the system operation. 

The power distribution box shown in Fig. 1 acts as 
a junction point for the supply voltages and as a master 
power switch. 

The Model 3C-2 unit and signal-junction-and-switching 
unit could be used together without the flow totalizing 
equipment. 





POW ERS TAT"’ Variable Transformers 














...for heavy duty applications 


As the leader in its field, The Superior Electric Company Generally, heavy duty POWERSTATS are motor- 
offers the widest selection of variable a-c voltage con- driven for effortless control from remote “raise-lower” 
trol apparatus. Standard POWERSTATS are available in switches or positioner stations. Standard heavy duty 
ratings from 150 to 160,000 volt-amperes. For heavy POWERSTATS are supplied for single or three phase; 120, 
duty requirements, POWERSTATS in gangs of 6, 8, 9, 12, 240 or 480 volt service with current ratings up to 400 
15, 18 or more provide the same fast accurate adjust- amperes. 

ments to fractions of a volt as the smallest rated unit. 


For more information on POWERSTATS for heavy duty applications, use the coupon below. 


Be sure to see Superior Electric’s THE SUPERIOR ELECTRIC company 
MOBILE DISPLAY when it 702 MIDDLE STREET, BRISTOL, CONNECTICUT 


7 pow oom Please send your POWERSTAT Bulletin P856G 


Offices: Los Angeles, California. * San Have your representative call [J 
Francisco, California ¢ Toronto, Ontario, 
Canada « Miami, Florida * Chicago, Illinois 
Baltimore, Maryland «¢ Detroit, Michigan 
New York, New York ¢ Cleveland, Ohio 
Dallas, Texas ° Seattle, Washington 
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Simplicity . . . Versatility, Too 


A wide variety of models, ranges and accessories are 
available for exact matching of Brown thermometers 
and pressure gages to your specific applications. 





Simplicity... 





you'll find it in 
Brown thermometers 
and pressure gages 


Coan SIMPLE DESIGN—simplicity that minimizes operating or maintenance 
difficulties—sets Brown thermometers and pressure gages apart. Using direct, 
simple linkages, these rugged instruments have few elements. Basic components 
for both thermometers and pressure gages are interchangeable, and cases 

are identical. Maintenance is easy and your spare parts requirements are 
reduced. This is simplicity that will pay off in many years of reliable, 
economical service. 


And with this simplicity comes dependable, high accuracy. The many narrow 
spans available, together with the large charts and scales, give you 
the full use of this accuracy. 


Brown thermometers are particularly suitable for the intermediate temperature 
range, extending from —125 to 1000 F. Brown pressure gages are available 
in many ranges, with a minimum of absolute zero and a maximum of 4,000 psi. 


Your nearby Honeywell sales engineer will gladly give you complete details 
on these instruments as they relate to your particular requirements. 
Call him today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndustrial Division, Wayne and 
Windrim Avenues, Philadelphia 44, Pa.—in Canada, Toronto 17, Ontario. 
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The decision is precision... . 
....@s it was with Ryan Aeronautical 


Company. 











Peseta, * hee That is why Ryan selected Electronic Associ- 

‘ : ates’ PACE Analog Computing Equipment to 
help them break through the problem barrier. 
1) €AI’S PACE Equipment provides highest 
accuracy. 2) EAI sets the PACE for reliability 
and versatility. 3) EAl’s unique and econom- 
ical building block method provides for your 
future as well as present problem barriers. 
Contact our Computation Centers for a dem- 
onstration or for rental of time. There’s a 
Center serving Eastern Industry in Princeton, 
N. J.—one serving Western Industry in Los 
Angeles, Calif. For equipment information, 
write Electronic Associates, Inc., Long Branch, 
New Jersey Dept. IA-2. 











ELECTRONIC 
ASSOCIATES EAI SETS THE PiA;CI/E 
PRECISION ANALOG COMPUTINGI EQUIPMENT! 


—o 

















LONG BRANCH + NEW JERSEY 
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Newsletter 


John H. McLeod, Jr., EDITOR 


Suzette McLeod, SECRETARY 


8484 LaJolla Shores Drive 
LaJolla, Calif. 


Bits 


Not much space for Ye Ed to put 
in his two-bits’ worth this month— 
too much worthwhile stuff. 

We have some goings-on at the In- 
ternational meeting in New York con- 
cerning “Computers of the Future.” 
and E. G. Holmes’ story of the South- 
eastern Simulation Council meeting 
on “Error Analysis” and the use of 
DDA’s in connection with analog 
computers. 

Then in “Information” a few words 
concerning the organization that 
makes this Newsletter possible and 
some “Allied Operations”. 








International Simulation Council 


Dr. R. M. Howe, University of Michigan, 
Ann Arbor, Mich.; Chairman, Steering 


Committee 


Western Simulation Council 


Jack Sherman, Missile Systems Division, 
Lockheed Aircraft Corporation, Van 
Nuys, Calif.; Chairmap, Steering Com- 
mittee. 


Central States Simulation Council 


Jim A. Pierce, Beech Aircraft, Wichita, 
Kan.; Chairman, Steering Committee. 


Midwestern Simulation Council 
A. C. Robinson, Wright Air Development 
Center, Wright-Patterson Air Force 
Base, Ohio; Chairman, Steering Com- 
mittee. 


Eastern Simulation Council 


Frank Richmond, Glenn L. Martin Co., 
Baltimore, Md.; Chairman, Steering 
Committee 


Southeastern Simulation Council 


W. K. McGregor, ARO, Inc., Tullahoma, 
Tenn.; Chairman, Steering Committee. 


Canadian Simulation Council 


F. W. Pruden, National Research Coun- 
cil, Ottawa; Chairman, Steering Com- 
mittee 








Pieces 





REPORT ON FIRST INT'L S/C MEETING AT TIAE 


Approximately 80 people attended 
each of the four sessions of the First 
International Simulation Council 
Meeting, held in connection with the 
Third International Automation Ex- 
position in New York City the last 
week in November. 1956. Allowing 
for the fact that all people did not 
attend all sessions, total attendance 
must have been about 120. 

The first session, Wednesday after- 
noon, November 28th, was conducted 
by the Midwestern Simulation Coun- 
cil. Talks and discussion on “Which 
Computer to Use—Analog or Dig- 
ital?” will be written up by Bob 
Lowry, the Midwestern Secretary, and 
reported in the Newsletter when we 
get the word from Bob. 


What Next in Analog 
Computers? 


The second session, held later that 
afternoon, was conducted by the 
Western Simulation Council. Jack 
Sherman (Lockheed Missile Systems 
Division, Palo Alto, Calif.) presided 
while Ye Ed. (Convair-Astronautics ) 
presented a paper by his absent col- 
league Stan Rogers (Convair-San 
Diego) entitled “What Next in An- 
alog Computers?”. 

Stan’s paper—too long to reprint 
here—was based both on a considera- 
tion of what is needed and a knowl- 
edge of what is being done. The in- 
crease in multishift operation, dic- 
tated by economic considerations, 


Stan believes, is going to exert a 
strong influence on the development 
of computers. Therefore increased ef- 
fort will be devoted to the problem 
of removing, storing, reinstating, and 
checking out problems on the equip- 
ment quickly and accurately. This 
will require automatic setup and 
checkout, which in turn require some 
means of automatic patching, pot- 
setting, and checkout. Automatic pot- 
setting is well within the state of 
the art, and several systems of auto- 
matic checkout are reasonably satis- 
factory; however there are no sat- 
isfactory means for automatic patch- 
ing within sight. 

Stan feels that the system “should 
set up the complete problem virtually 
instantly; that is, it should be a par- 
allel device rather than a perforated 
tape that has to be read serially. A 
very desirable form for problem stor- 
age would be something like a set of 
sheets of perforated paper.” 

It is likely that such mechanization 
will require some sacrifice of flex- 
ibility, but Stan calls for greater flex- 
ibility: “To make efficient use of a 
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large analog computer, the operating 
stations should not be of fixed sizes 

. it should be possible to control 
the required number of amplifiers. 
multipliers, comparators, etc., for one 
problem from one station. This means 

. . that whatever is substituted for 
the patchboard should be of variable 
size . . . a large computer should 
have several operating stations .. . 
precautions will have to be taken to 
keep two operators at different sta- 
tions from trying to use the same 
computing equipment at the same 
time.” 

Stan predicts an increased use of 
“subroutines” to alleviate the conflict 
between convenience and complexity. 
A subroutine would select the com- 
ponents and make all connections to 
set up frequently-used circuits (as 
simple as a division circuit or as 
complicated as a set of standard aero- 
dynamic equations). The operator 
then would be concerned only with 
connecting the inputs and outputs and 
adjusting the constants. 

Also needed, Stan says, is some 
way of helping the operator with his 
scaling so that he can avoid both 
overloading and working too near the 
noise level. Sed Atwood (Convair-San 
Diego) has proposed a method of 
scanning with a CRT which will in- 
dicate these conditions, but a method 
of preventing or automatically cor- 
recting them is needed. 

And, analog computers should be 
better suited for the solution of par- 
tial differential equations and the 
presentation of the results. “We 
believe that we at Convair are mak- 
ing progress,” but much is still to 
be done. 

The marked trend to combined sys- 
tems also should be considered. Stan 
reminds us. Therefore “the analog 
computer of the near future should be 
planned to be compatible with an- 
alog-to-digital and digital-to-analog 
converters like the the Addaverter.” 

“A final area”, said Stan in clos- 
ing, “in which large developments 
should take place in the next two or 
three years is that of the generation 
of functions of two or more variables. 
What is needed here is a convenient 
method of setting up the desired func- 
tion, good repeatability, and reason- 
ably good accuracy and frequency 
response.” 

In the discussion which followed 
Stan’s paper, Jules Lehmann (RCA 
Laboratories, Princeton, N. J.) dis- 
agreed with Stan on one point—that 
input-output devices should be par- 
allel—and pointed out that 10 to 20 
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characters per second don’t take very 
long serially; the necessity for going 
to parallel operation doesn’t really 
seem to be there. He went on to say 
that a system RCA investigated for 
the Air Force had connection instruc- 
tions stored on punched tape. Relays 
made the connections. 

McLeod: “I understand that for 
any fair-sized computer you would 
have a barnful of relays.” 

Lehmann agreed that you would. 
For 500 amplifiers there would be 
between 50,000 and 100,000 relays. 

Ed Massell (Electronic Associates, 
Inc., Long Branch, N. J.) commented 
that a patchboard with a couple of 
thousand holes has ‘a lot of possibil- 
ities. Equivalent flexibility might re- 
quire several billion relays. 

Jules replied that there is a certain 
logic you have to follow to reduce 
the number. 

A. J. Zeichner (Sylvania Electric 
Co., Waltham, Mass.) wanted to 
know which multiplier Stan referred 
to when he wrote: “The newest elec- 
tronic multiplying equipment that we 
have received appears to be clearly 
superior in accuracy and stability to 
some of our older equipment.” 

McLeod ‘lowed as how it must be 
EA ’cause “There are more EA 
people here than any other vendors!” 

Changing the subject, Jack Sher- 
man observed, “This question of us- 
ing subroutines to set up frequently- 
used circuits brings up the question 
of when is it wise to use human labor 
instead of complicated automatic sys- 
tems.” 

McLeod asked, “Don’t you agree 
that in aerodynamic problems there 
is a great similarity in certain parts 
of the set-up?” 

Jack: “If you are referring to a 
pre-wired computer like Typhoon, 
that is a different thing altogether. 
But the complications of an automatic 
system to wire a computer for various 
subroutines would become fantastic.” 

Bob Howe (University of Mich- 
igan, Ann Arbor, Mich.) asked 
Bernie Loveman (Reeves Instrument 
Corp., New York, N. Y.) if he didn’t 
have a subroutine setup on the new 
REAC—some sort of plug-in units. 

Bernie answered that they have 
patchplugs which eliminate some 
patchcords by interconnecting ampli- 
fiers with resolver inputs. Amplifiers 
are arranged on the patchboard so 
that this can be accomplished. They 
use the same system with multipliers. 

Ed Massell, referring back to 
Jack’s question of when it is “wise” 
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to use human labor, said that it isn’t 
the labor that we are worried about. 
The cheapest way to make two elec- 
tronic connections is to have a guy 
who doesn’t know what he’s doing 
put a patchcord between two holes. 
The problem is to be sure he gets 
them between the two correct holes. 
What we should try to do is to ar- 
range the patching of an analog com- 
puter so it can be done by trained 
monkeys. 

McLeod: “I believe that while we 
have been talking about saving hu- 
man labor, everyone has had in the 
back of their minds the fact that it is 
the humans who make the mistakes. 
So if we can cut down on the human 
labor, a byproduct is cutting down on 
the chances of mistakes. That is what 
we are really interested in!” 

Bob Howe, referring to Stan’s 
multiple patchboard requirement, 
asked how you know, when you're 
setting up ahead of time, whether the 
guy over on the next station might be 
wanting that certain amplifier or not. 

Otis Updike (University of Virgin- 
ia, Charlottesville, Va.) suggested, 
“You plug in ‘integrator’ and the cir- 
cuit will pick a free integrator.” 

Bob: “So, if they are all busy you 
get a busy signal!” 

McLeod: “If a summer answers, 
hang up!!” 

Howard Hamer (Electronic As- 
sociates, Long Branch, N. J.) wanted 
to know if San Diego was planning 
to borrow equipment from Pomona 
via long distance line. 

McLeod said they haven’t got to 
that yet, but he will work on it. 

Lehmann asked about the Astro- 
nautics combined analog and digital 
simulation. 

McLeod answered that they are 
preparing to use their extensive an- 
alog equipment with the IBM 704 for 
a rather complete weapon system sim- 
ulation. There are several reasons for 
the combination. One is that they 
would probably need five 704’s to do 
the problem in real time in the same 
detail if they didn’t use the analog 
equipment. On the other hand, the 
digital equipment must be used be- 
cause some parts of the simulation 
require great accuracy (e. g. the nav- 
igation problem). Equipment is 
divided up in general according to 
whether it is simulating analog or 
digital equipment in the real system. 

Lehmann brought up the question 
of inaccuracies from the analog being 
fed to the digital computer for high- 
accuracy solutions. 

McLeod said that is a standard 
question: “Why go to the digital com- 
puter with bum information? In this 
case you will usually find that they 
are using the digital computer to 





close the feedback loop around the 
analog. In a servo system you can 
have a very low-performance ac- 
tuator, but if you close a servo loop 
around it with tight-enough feedback, 
you can get good over-all perform- 
ance.” 

Bob Howe pointed out that it is 
practical to use an analog computer 
to solve aerodynamic and kinematic 
equations of an aircraft and come 
out with angular rates, angle of side- 
slip, angle of attack, and missile ve- 
locity. Once you have these you can 
use your digital computer to compute 
the trajectory. If the analog computer 
makes a small error in computing the 
attitude angle, usually this simply 
acts like a small error in the trim 
of the aircraft, which gets taken out 
anyway in the closed-loop guidance 
system. You use the digital computer 
to perform long-time trajectory in- 
tegrations where your analog com- 
puter falls down. 

Jack Sherman spoke of Stan’s de- 
sire to make component checks daily 
or oftener. “I think it is an excellent 
idea. Trouble is he talks about com- 
ponents. I think there should be some 
check on the passive elements—re- 
sistors, etc.” 

Massell said all this can be checked 
with a special patch panel setup. 
Bernie Loveman added that he be- 
lieves this is described in Captain 
Johnson’s new book Analog Com- 
puter Techniques; he sets up three 
sine waves in a REAC of 20 am- 
plifiers so that he uses every passive 
component in making his check. If 
there is a small difference in them 
the sine wave in that circuit will dif- 
fer from the rest. 

Bob Howe agreed that it was a 
worthwhile check because of its sim- 
plicity. 


The Patchboard Verifier 


In answer to a question, Loveman 
described the Reeves patchboard 
verifier. You put the patchboard on 
a device which is practically a com- 
puter in itself. It starts st the upper 
left-hand corner and looks at the first 
hole. If there is a patchcord in it, 
it stops and scans to find the other 
end of the patchcord. It prints out 
first the connection where it started, 
and second the location of the other 
end of the patchcord. (It isn’t fair 
to have a patchcord with more than 
two ends!—Ed.) The first connection 
is tabulated in black, the other end of 
the cord in red. When the verifier 
gets to the other end of a tabulated 
patchcord it goes on past so you 
don’t have two readings on one cord. 
It takes a few minutes to scan a 
board of several thousand holes. The 
cost is about the same as a computer! 
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Each connection is identified by 
means of a code number, and check 
sums are computed for each problem 
setup. 

On a more general theme, B. D. 
Bidne (Westinghouse Air Arm, Balti- 
more) then pointed out that using 
every element of the computer in a 
single problem could detect only 
gross errors, since buildup of toler- 
ances would preclude obtaining an- 
swers with errors less than several 
times the maximum individual com- 
ponent errors. 

Ed Massell then commented that 
the new Convair special patch panel 
would check out each amplifier with 
its associated computing network sep- 
arately, by applying balanced and 
inverted voltages to pairs of inputs. 
All the higher-gain inputs may be 
eliminated in groups, so that pro- 
gressive output scans (with the auto- 
matic readout system) can be made 
at tighter accuracy tolerances. Sim- 
ilarly, multipliers and resolvers are 
checked individually in all quadrants. 

Bob Howe described a poor man’s 
method whereby you can pick up 
98% of the errors by taking your 
road map—the computer diagram— 
and counting the number of inputs 
and outputs to and from each com- 
ponent. Checking this against your 
board only takes a few minutes. The 
difficulty is usually that you have 
patched in the wrong place; you 
catch this by finding, for instance, 
that you don’t have enough outputs 
to amplifier number 15 and/or that 
you don’t have enough inputs to am- 
plifier 16. 

Answering a question, Bob said 
a technique to take care of partial 
derivatives on analog computers is to 
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take advantage of the fact that you 
have time available as a continuous 
variable, and you can integrate with 
respect to time. So when you solve the 
partial differential equation you pre- 
serve time as a continuous variable 
but approximate your derivative with 
respect to the spatial variables by fi- 
nite differences. For example, if you 
are solving the partial differential 
equation which describes something 
like an aircraft wing taken as a beam, 
you split the beam into a number of 
discrete stations and write difference 
equations for the spatial derivatives. 
You end up with a system of simul- 
taneous ordinary differential equa- 
tions tied together with the proper 
cross-coupling terms. If the problem 
doesn’t get too large this is a con- 
venient way of attacking it. 

Ed Massell said it occurred to him 
that the problem of presenting the 
solution of a partial might be nicely 
solved by the scope display described 
by Sed Atwood. The space variable 
is displayed along the x axis on the 
scope to give you a varying curve 
which can be photographed if you 
wish. 

Bob Howe said that this has ac- 
tually been done to look at the vibra- 
tions of a beam; you can see what 
appear to be snapshots of the beam 
at different times. 


* * * 


This meeting was followed by the 
annual highball party and there were 
two more “technical” sessions next 
day. But I will have to tell you about 
these some other time as this letter 
is getting too long, and there are 
other things which I want to cover 
this month. 





SOUTHEASTERN S/C MEETING OF 5 DECEMBER ON 
“ERROR ANALYSIS" 





Twenty-four representatives of nine 
organizations attended the Southeast- 
ern Simulation Council meeting at 
Georgia Institute of Technology in 
Atlanta on 5 December 1956. 

Bill Bradley (Murphy & Cota, At- 
lanta, Ga.) the outgoing Secretary, 
opened the meeting in the absence of 
the outgoing Chairman, W. K. Mc- 
Gregor (ARO, Inc., Tullahoma, 
Tenn.), and turned it over to the new 
officers, Chairman-elect M. David 
Prince (Georgia Tech) and Sec- 
retary-elect Edward G. Holmes (E. G. 
Holmes & Associates). 

Richard Rimbach of Instruments 
Publishing Company was invited to 


describe the interest of the magazine 
Instruments and Automation in the 
Simulation Council’s activities, and 
Fred Dixon (Georgia Tech) gave a 
report on the International Steering 
Committee meeting recently held in 
New York.* 

After this Dave Prince turned the 
meeting over** to the Program 
Chairman, William Bennett (Lock- 
heed Aircraft Corp.). 


*Summarized under Info. 


**If they turn this meeting over a few 
more times they should appoint “ole whir- 
lin’ John Brown” as Program Chairman! 
—Ed. 
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Analogue Computer 


Look at these features 
the M-C 500! 


Automatic problem checking 


Digital read-out of all potentiometers 
and amplifiers 


Extra large patch board — 1600 holes — 
completely shielded system 


Three servo multipliers 

Forty-eight .1% scale-factor potentiometers 
Thirty high precision chopper-stabilized 
fast recovery amplifiers 

Two relay amplifiers with indicating lights 
Sixteen vacuum tube diodes 


Removable work shelf 


SALES OFFICES 


2000 Warrensville Ctr. Rd., Cleveland 21, 0., Evergr. 2-6160 
5525 Wilshire Bivd., Los Angeles 36, Cal., Webster 4-0102 
1313 Wellington St., Ottawa, Ont., Canada, Tel. 8-6065 
927—15th St., N.W., Washington 5, D.C., District 7-1892 





For more information 
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Mid-Century’s customers, the top firms in their 
respective industries, are enthusiastic about the 
experience and skill in design which makes 
Mid-Century electronic products so dependable, 

so highly accurate in performance. Why don’t you, 
too, keep ahead of competition? Just phone 

or write to Mid-Century today and learn how 

we can help solve some vexing problems 


in your design and production areas. 


“precision is our business” 


MID-CENTURY 
INSTRUMATIC CORP. 


611 BROADWAY, NEW YORK 12, N. Y. 
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Johnson on Error Considerations 
in Analog Computers 


The theme of the meeting was 
“Error Analysis.” Bill introduced 
Bob Johnson (Georgia Tech), whose 
paper, “Basic Error Considerations 
in Analog Computers,” classified 
errors arising from linear and non- 
linear devices in analog computers. 
In his talk Bob brought out some in- 
teresting points: 

The error introduced by a single 
resistor is due mainly to its noise, 
the ohmic variation from the nominal 
value, and the change in resistance 
with temperature. If we choose one 
resistor at random from a large lot. 
the ohmic error in this particular re- 
sistor will be constant, but the noise 
and temperature effect is time-de- 
pendent. The important point here is 
that the noise voltage is a high-fre- 
quency phenomenon with average 
value zero, whereas the temperature 
effect plus the ohmic variation is a 
low-frequency variation of average 
value not zero. Thus any integrating 
process will average out the noise, but 
will accentuate the static error. 

The potentiometer contributes a 
slightly more complex error because 
of loading and inaccuracies in setting 
values. 

Then there are the errors of sum- 
ming amplifiers due to non-ideal gain, 
imperfect frequency response, phase- 
shift characteristics, and errors in the 
series and feedback resistors. 

Integrators tend to accentuate sys- 
tematic and static errors, but to de- 
crease the error of time-variant func- 
tions such as noise. Because the error 
in the integrator output due to a 
static error in the input will be pro- 
portional to the length of integration 
time, it is possible to reduce this 
error by choosing a time scale which 
keeps the problem-run-time short. 

Linear devices actually contribute 
only a minor part of the error in a 
computer solution. The greatest 
errors by far occur in the nonlinear 
devices such as multipliers. 

The servo multiplier has a very 
limited frequency response, so where 
high precision is required the time 
scale must be selected to keep the 
frequencies low. Servo resolvers are 
subject to the same type of errors. 

The-¢lectronic multiplier is capable 
of relatively high-frequency operation 
while ‘maintaining resonable ac- 
curacy. The time-division type can 
easily achieve one-tenth percent ac- 
curacy with a frequency response flat 
to 200 cps. 

Diode function generators exhibit 
little inherent error, particularly if 
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silicon diodes or reduced-filament- 
voltage diodes are used. The precision 
of the function generation is limited 
by the break points available and the 
character of the function. These 
errors have been treated in a paper 
by Howard Hamer (Electronic As- 
sociates). 

When using feedback techniques 
for implicit function generation the 
errors often add up in a peculiar 
manner. For example, if a one-tenth 
multiplier is used in a divider, then 
the percentage error due to the mul- 
tiplier alone is equal to 10 divided by 
the denominator. When the denom- 
inator gets as small as one volt the 
error is 10 percent. 

Error may be introduced also by 
an oscillating amplifier, rectified 
noise, or some other fault not easily 
detected. To make matters worse. 
these troubles often come up inter- 
mittently or only at one point in the 
course of a run. A technique found 
useful in several laboratories is to 
permanently wire an oscilloscope in 
parallel with the panel meter, so that 
any voltage being read on the meter 
is automatically displayed on the 
scope. Many times errors will thus 
be detected which would otherwise go 
unnoticed or be attributed to com- 
ponent tolerances. 

Of course the best check on the 
over-all accuracy of a computer solu- 
tion is an independent solution ob- 
tained by hand or a digital machine. 
This is often impractical and some- 
times impossible, so we must usually 
depend on estimating the errors in 
the building blocks and extrapolate 
the results to the final solution. 

At the conclusion of Bob’s paper 
Bill Bradley commented that a con- 
siderable source of error not men- 
tioned is the readout device. 

Bill Bennett asked about the errors 
caused by noise and hum, to which 
Bob replied that they are usually kept 
below 15 mv, but if rectified they 
may cause appreciable error. 

“What is the hum output of a fune- 
tion generator?” asked Dave Prince. 

Bob replied that they have rel- 
atively high peak-to-peak hum out- 
put; one that he is familiar with has 
0.5 volt. 

“Does anyone here use any partic- 
ular patchboard technique to avoid 
high-frequency oscillation?” Bob 
asked. 

Sam Robinson (Lockheed Aircraft 
Corp.) replied that he always uses 
5Oppfd shunted across the output of 
the summing amplifiers. 





Robinson on Differential 
Analyzers 


Sam was the next speaker and 
presented a paper entitled “The Use 
of Differential Analyzers in Conjunc- 
tion with the DC Analog Computer 
for Solving and Checking Differential 
Equations.” 

Sam reiterated that the best way 
to check solutions is to use another 
method. A Bendix Digital Differential 
Analyzer at the Georgia Division of 
Lockheed Aircraft Corporation (Mar- 
ietta, Ga.) is used to check solutions 
obtained on analog computing ma- 
chinery as well as on digital ma- 
chinery. Bob then described the in- 
tegrators and the fine points of the 
DDA. 

Dave Prince asked whether it is 
possible to generate functions on the 
DDA, to which Sam replied: “You 
have several ways of doing this. The 
servo operations can be given the 
effect of diode limiting and cut in 
at various levels just like a diode 
function generator. It takes two in- 
tegrators for each break-point, so a 
large number of integrators must be 
used. Another method is to plot your 
function as a silhouette on a graph 
and use a Photo-Electric Follower.” 

Bill Bradley asked if this reduces 
accuracy, to which Sam answered: 
“Yes, with this method you have 
analog accuracy.” He then described 
a third method of generating func- 
tions using the tape-input machine, 
on which they feed the program into 
the machine. “After the information 
is in the machine we take off the tape 
and put our nonlinear function on 
it. Each time it comes to a break- 
point a new number is read off the 
tape which corresponds to the follow- 
ing slope. In this way you can use 
as many slopes as you wish.” 

Bill observed that this implied that 
you must have a tapereader. 

Sam agreed, adding that it is part 
of the machine. 

Bill: “This method only uses one 
integrator?” 

Sam: “Yes, but only one function 
is generated.” 

Jimmy Petkas (Lockheed Aircraft 
Corp.): “I'd like to add that if you 
have several monotonic functions of 
time, you can put in as many as you 
want on the one tape, but if you 
have a reversible function then only 
one can be placed on the tape at one 
time.” 

Sam: “Right. If you want your 
forcing function to be repeated every 
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BERKELEY OPENS 
ITS NEW 





COMPUTER FACILITY 


Beckman/Berkeley’s new Los Angeles Computation Center, located at 305-307 
Parkman Avenue, provides large scale computation service for West Coast 
industrial firms and research institutions. The location is easily accessible 
from all freeways. 

Opening February 26, the center will feature Berkeley’s all-new EASE* 1132 
analog computer with its exclusive digital output-input translator system. 
Consisting of two separate computers of 50 amplifiers each with associated 
non-linear equipment, this center represents an investment of $250,000 by 
Beckman/Berkeley. The two computers can be interconnected for solution of 
large problems. 

Operating in conjunction with Berkeley’s computer center in Richmond, Cali- 
fornia, the Los Angeles facility will be used for rental service to industry, for 
special demonstrations and for educational purposes. 

The center’s staff, directed by George A. Bekey, is available for consultation 
on engineering problems, assistance in problem preparation, and computer 
operation. 

Inquiries regarding this center and the 1132 computer will be welcomed; 
please address Dep’t. B-2. 


* Trademark 


Beckman’ 
Berkeley Division 
Richmond 8, California 


a division of Beckman Instruments, Inc. 
124 
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time you run the problem, this forc- 
ing function may appear in several 
places in different shapes, and you 
can put on as many as may be de- 
sired.” 

Bill asked: “Would you sum up as 
briefly as possible the advantages of 
the DDA over the DC Analog Com- 
puter?” 

Sam: “The biggest advantage is 
the repeatability and the accuracy.” 

Bill: “Is it easier to set up a prob- 
lem on the DDA?” 

Sam: “It is almost identical to 
setting up one on the DC Analog 
Computer.” 

Bill: “Speaking in analog terms, 
what would you say the band-width 
of the DDA is?” 

Sam: “It is infinite.” 

Bill: “I mean in real time.” 

Sam: “I said that it is infinite be- 


SIMULATION 
COUNCIL 


cause a true step function may be 
introduced at any time, since the 
computer may be stopped and started 
at a different level. However, it takes 
about one minute to oscillate to one 
sine-wave while producing three-place 
accuracy.” 

This discussion was followed by a 
round-the-table discussion on com- 
puter facilities in the Southeast. Plans 
were made to tour the Computer 
Facility at Lockheed Aircraft Cor- 
poration the following morning, De- 
cember 6th, and Dave Prince ex- 
tended an invitation to all members 
to visit Georgia Institute of Tech- 
nology Research Laboratory and 
Analog Computing Facility on Fri- 
day, December 7th. 





INFORMATION 


(Without Theory) 





All who are not interested in the 
modus operandi of the Simulation 
Councils can skip the next two para- 
graphs. However, some have in- 
dicated that a brief résumé of the 
decisions of the various Steering 
Committees is in order. So 

At the New York meeting of the 
Steering Committee of the Interna- 
tional Simulation Council it was de- 
cided that: 

1. We would publish the Simula- 
tion Council Newsletter in Instru- 
ments and Automation for at least 
another year. 

2. The Midwestern Simulation 
Council, which advocates private pub- 
lication, would appoint a committee 
to study the matter. 

3. We would investigate the prac- 
ticality of holding our annual infor- 
mal meeting in conjunction with the 
formal Joint Computer Conference 
(which already attempts to consol- 
idate the computer interests of the 
IRE, AIEE, and ACM so that there 
are fewer rather than more national 
meetings in our field). 

4. We would draft Dr. R. M. Howe 
of the University of Michigan to be 
Chairman of the Steering Committee. 
International Simulation Council, for 
1957. 

* + 

At the 10 January meeting of the 
Steering Committee of the Western 
Simulation Council it was decided 
that: 

1. We should get on the ball with 
a more active permanent (one year! ) 
Steering Committee, or the other Sim- 
ulation Councils would leave the 
founding chapter in the lurch. 


2. The present officers (Jack Sher- 
man, Chairman; Dov Abramis, Vice 
Chairman; Joe Hussey, Secretary- 
Treasurer) should remain in office 
till July. 

3. The Steering Committee should 
be composed of: 

Past Chairman (Norm Irvine) 

Present Chairman (Jack Sherman) 

Vice Chairman (Dov Abramis) 

Secretary-Treasurer (Joe Hussey) 
and three members nominated and 
then elected by secret ballot of all 
present. This turned out to be: 


John McLeod 
Stan Rogers 
Bill Kindle 


a * * 


In the May Nucleonics magazine 
there will be a special report on the 
use of analog and digital computers 
in nuclear design. Further info, Dan 
Cooper. Nucleonics, 330 West 42nd 
Street. New York 36, N. Y. 


* * 


We received an announcement that 
our long-time friend Lee Cahn, for- 
merly of Beckman Instruments, has 
formed the Cahn Instrument Com- 
pany for the design, manufacture, 
and sale of scientific instruments in 
Downey, California (Office at 7712 
Danvers Street, Laboratory and Plant 
at 11408 Brookshire Avenue). Good 
luck, Lee! 


* * * 
It is tentatively planned to hold 


the next DDA Council meeting at 
Ramo-Wooldridge Corporation, 8820 





Anolysis 


> 








Bellanca Avenue, Los Angeles, the 
first week in April. The subject will 
be “Programming, Scaling, and Error 
Analysis for DDA.” There will be a 
demonstration of the new “Litton 40” 
DDA. Further information from Stan 
Rogers, 3023 Alcott Street, San Di- 
ego. There is also a meeting planned 
for June or July, probably in the 
East. 


Thot (or is it?) 


Beware those that draw the line for 
they are Plotters! * 








*Copyright available to digital vendors at 
a nominal fee. 





Computer Events 
Other events on page 224 





Western Joint Computer 

Conference 

Dates: 26-28 February 1957 

Place: Hotel Statler, Los Angeles, 
California 

Subject: “Techniques for Reliability” 


Third Annual High-Speed 

Computer Conference 

Dates: 5-8 March 

Place: Louisiana State University, 
Baton Rouge, La. 


Western Simulation Council 

Date: 14 March 1957 

Place: Research Branch, Missile Sys- 
tems Division, Lockheed Air- 
craft Corp., Palo Alto, Calif. 

Subject: “Evaluation of Computer 


Usage” 


Eastern Simuation Council 

Date: 22 March 

Subject: Simulation of Nuclear Re- 

actors 

Place: American Machine & Foundry 
Co., Fawcett Bldg., Greenwich, 
Conn. 

Time: 10:00 A.M. 

Host: Alfred Gronner, American Ma- 
chine & Foundry Co. 


National Simulation Conference 
on Computers—Southwest Re- 
gional Conference and Electrical 
Show, IRE 

Dates: 11-13 April 1957 

Place: Houston, Texas 


Midwestern Simulation Council 
Place: Houston, Texas 
This meeting will be held in 
conjunction with the South- 
western IRE Conference and 
Exhibit at the Shamrock Hil- 
ton Hotel on 11-13 April. 
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ENGINEERS - SCIENTISTS 





RECENT BREAKTHROUGHS IN SUPERSONIC AND 
HYPERSONIC KNOWLEDGE AND TECHNOLOGY— 
BASIS OF MAJOR RESEARCH AND DEVELOPMENT 


ACCELERATION AT REPUBLIC AVIATION 


Alexander Kartveli, Vice President in Charge of Research and Development, 
Invites the Inquiries of High Calibre Engineers and Scientists 


Recent discoveries justify a large scale, 
long range integrated attack on all the com- 
plex, interrelated aspects of passage through 
the upper atmosphere, in the opinion of 
Alexander Kartveli, creator of Republic’s 
famous family of Thunder-Craft.* 


Republic’s R & D activities are now being 
materially augmented and accelerated to 
speed the exploration of this new knowl- 
edge and technology. The broad areas under 
study are: 


* Hypersonic and Satellite Weapons Systems. 


*Each Thunder-Craft in turn has rep- 
resented a significant advance in air- 
craft design. Latest member of this 
famous family is the incredible F-105 
Thunderchief, most advanced USAF 
fighter-bomber — supersonic and nu- 
clear-weapons carrying. 


* Advanced Propulsion Systems. 

* Nuclear Energy Appiications to Aircraft. 

* Capabilities of Materials in Hypersonic and 
Nuclear Environments. 

* Electronic systems development to exploit 
the full potential of the most radical con- 
cepts of flight. 

The quality of the opportunities for cre- 
atively unhampered professional men with 
specialized experience in many fields is 
evident. Republic welcomes your inquiries 
regarding positions in any one of the areas 
outlined : 


Please forward comprehensive resume 
in confidence to Mr. George Hickman 
Engineering Employment Manager 


Positions Open At Ali Levels 


NUCLEONICS 

ELECTRONICS 

SERVOMECHANISMS 

PROPULSION 

STRUCTURES 

FLUTTER & VIBRATION 

DYNAMICS 

AERODYNAMICS 

THERMODYNAMICS 

FIRE CONTROL SYSTEMS 

FLIGHT CONTROL SYSTEMS 

INERTIAL NAVICATION 

INFRA-RED 

OPERATIONAL ANALYSIS OF 
WEAPONS SYSTEMS 

AIRFRAME AND SYSTEMS DESIGN 

MATERIALS 


@ STEP EIESEAES AVIATION 


FARMINGDALE, LONG ISLAND, NEW YORK 


Page 290—Jnstruments & Automation—Yol. 30 











HAS THE EDGE ON 
PRINTED CIRCUITS 


Design-Engineered with 
Positive Wiping Contact 
and 
Frictional Grippage 


AMP-Edge 


tah in prt 


TO BETTER WIRING 


Another of the many unique designs 
made available by the AMP-Edge 
technique is the new, low-cost, com- 
pact AMP-Edge Connector Block. It 
allows freedom of arrangement, 


For more information on with small area displacement. 
AMP-Edge Connectors, contact: 


Its open construction 

provides aeration to 

prevent moisture en- 
ay =a trapment. 


AMP Incorporated 


London, England © Societe 
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CONTENTS OF THIS DEPARTMENT 


Fixed Resistors 
Flow-rate .... 
Force 
Frequency 
Humidity .... 
Inspection 


Acceleration 
Amplifiers . 
Capacitors 
Computing 
Counting 
Data Processing 
Dimensional Gaging 
Electrical Components Liquid Level 
Electrical-Instrument Loa 
Accessories . sii 
Electrical Instruments .......... 
Electrical Testing 
Electrornechanical 
Components 
Electronic Components 
Electronic Instruments . 


Miscellaneous 
Motors 
Nucleonics 
Photography 
Power Supplies 
Pressure 


Laboratory Equipment 


Mechanical Components 


Process Measurement 
and Control 
Rectifiers 

Relays . 

Resistors 

Sequence 

Shop Equipment . 
peed 

Switches 

Temperature 

Time 

Vacuum 

Valves 

Variable Resistors 

Volume 

Weighing 


FOR FURTHER INFORMATION USE THE POSTAGE FREE ORDER CARD ON PAGE 371 


PROCESS MEASUREMENT and CONTROL 





REMOTE POSITIONER 


New “Dialtrol” is said to combine 
high accuracy and low cost. Vernier 
dial positions a variable-speed drive, 
a valve, rheostat, etc., through an 
actuator with built-in or externally- 
driven voltage-dividing resistor, using 





i! 
a 
position-balance principle. Illustrated 
“Shaftrol” is designed expressly for 
use with “Dialtrol” but other gear- 
motors connected to suitable position- 
type voltage-dividing resistors can be 
used. Full-scale follow-up accuracy of 
0.2% is standard; with precision mul- 
titurn resistors 0.04% and indication 
by counter rather than vernier. Stand- 
ard feature: adjustable slowing down 
of servomotor as desired setting is 
approached. “Dialtrol” commands 
motors up to % hp directly and up 
to 50 hp through a reversing starter: 
can be located several thousand feet 
from actuator without loss of accura- 
cy. Unlike synchro-type control sys- 
tems, it can be set with power off: 
motor will move to desired position 
as soon as power is turned on. One 
“Dialtrol’” can command several mo- 
tors (with proportional control be- 
tween them if desired). Standard sys- 
tems operate on 115 vac. Explosion- 
proof enclosure available-—The Jor- 
dan Co., Inc., 3235 W. Hampton Ave., 
Milwaukee 9, Wis. 
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REMOTE POSITIONER 


New remote positioning system, 
comprising transmitter, amplifier, and 
receiver, has been designed for maxi- 
mum reliability; will either operate 
under any statistically reasonable 
failure, or will remain in position. It 


will never allow an undesired signal 
to move output shaft. Linear or ro- 
tary motion can be transmitted or 
received. Power supplies of amplifier 
and receiver need not be identical; 
amplifier requires 115 v, 400 eps, but 
receiver motor can operate on practi- 
cally any available supply. Input- 
output ratio can be 1:1 or any other 
desired ratio. System accuracy is in- 
dependent of load, since receiver mo- 
tor gets full voltage for any error 
signal exceeding deadband, which can 
be as low as 0.2% of scale. Manual 
over-ride, inching control, and inter- 
lock features are available as options. 
—The Bristol Company, Waterbury 
20, Conn. 
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CONTROL PACK 


New miniaturized plug-in control 
pack contains all basic control cir- 
cuitry needed for use with “meter- 
relays” (contact-type automatic-con- 
trol millivoltmeters). It measures 
about 4”x2”x4”: one-fourth the space 
usually required for such circuitry. 
Many circuit variations are ayailable, 
but standard minimum parts include 


an isolation transformer, a de power 
supply (including rectifiers), and 
slave relays to provide 5-amp 115-vac 
contacts. Frequently an interrupter 
or sampling circuit is also included. 
Standard 11-pin octal type base; four 
mounting studs; completely dust-tight 
case permits quick access to parts 
and wires.—Tipp-Tronic, Inc., Tipp 
City, Ohio. 
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ALL-ELECTRIC ACTUATOR 


New “Series D” all-electric propor- 
tional positioning device, for use with 
modern electronic control systems, 


BH10 


requires no intermediate pneumatic or 
hydraulic operating fluids; is said to 
combine desirable features of an 
electric system with mechanical sim- 
plicity and ruggedness of maker’s 
standard pneumatic actuators. Stroke 
length 4” to 2”; stem speed 4 ipm 
at max rated output of 500-lb thrust. 
—Conoflow Corp., 2100 Arch St., 
Philadelphia 3, Pa. 
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SUPERVISORY SYSTEMS 


New packaged pro- 
tective and measuring 
systems for pipe lines, 
chemical industries, 
test facilities, etc., in- 
clude plug-in electron- 
ic units for temper- 
ature, pressure and 
vibration protection; 
pressure measure- 
ment and _ telemeter- 

‘ing. Plug-in unitized 
construction provides 
maximal compatabili- 
ty between system and 
installation. Only low- 
level sensing elements 
are located in hazard- 





ous areas. Other features: double-pole 
contacts for alarm and shut-down 
functions; all-electronic circuitry; ex- 
plosion-proof and fail-safe construc- 
tion; ultraconservative ratings and 
premium vacuum tubes.—Indikon Co., 
76 Coolidge Hill Road, Watertown 72, 
Mass. 
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COMBUSTION INSTRUMENTS 


New line of combustion instruments 
provides automatic draft control to 
maximize efficiency of gas, oil or 


8735 


stoker-fired equipment; features new- 
type cast-aluminum cases which per- 
mit either flush or surface mounting 
as desired. “Draft Program Control,” 
in conjunction with “Modulating 
Damper Actuator,” maintains correct 
draft for all firing conditions. Com- 
panion instruments optionally avail- 
able for close surveillance and accura- 
cy are “Flue Gas Temperature Indica- 
tor,” “Draft Gage,’ and “Steam 
Pressure Controller/Indicator” which 
controls fuel rate to burner in re- 
sponse to steam pressure changes.— 
General Controls Co., 801 Allen Ave., 
Glendale 1, Calif. 
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VISCOSITY RECORDERS AND 
CONTROLLERS 


New “Model R3 Series Viscometer 
Recorders” comprises “Model R30” 
for recording only; “Models R31, R32 
and R33” which contain one, two or 
three adjustable switch points respec- 
tively for on-off two-position and 
three-position control, also for alarms 





TUBE 


Thermostatic Motors 


Pressure Motors 
MOVEMENT 


FIXED 
é 


Expansion Chambers 


Remote Transmission Expansion Joints 


ELIMINATE DESIGN “WEAK SPOTS” 
WITH fpageeet SEAMLESS BELLOWS 





The simple construction, straightforward operation, and light weight 
of Bridgeport seamless metal bellows make them the best answer for 
many temperature, pressure, and mechanical design problems. Hy- 
draulically formed without soldered seams, they provide added 
strength and precision in shaft sealing, in obtaining controlled move- 
ment, in absorbing expansion or shock, in maintaining equal or dif- 
ferential pressures, and in transmitting motion remotely. 


Bridgeport also offers two plus factors to make the most of any 
bellows application. Through integrated engineering of the bellows 
and all accessories, Bridgeport can supply complete bellows assemblies 
of many types, sizes, and metals. Ultra-modern production and quality 
control facilities assure increased uniformity and cost savings. 


> 


SEND FOR BELLOWS BULLETIN-CL 
* 
Kobortshow Sj 
SHQW-T WOH 


A nics conan a 
BRIDGEPORT THERMOSTAT DIVISION 


MILFORD + CONNECTICUT 
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NEW INSTRUMENTS 





and signals; and “Model R3P” which 
provides a 3-15-lb output air pressure 
as a function of viscosity and hence 
can be used with pneumatic equip- 
ment to provide proportional control. 
—Norcross Corp., Dept. #N27, New- 
ton 58, Mass. 
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STRIP-CHART RECGRDER 
New “G-11” self-balancing  strip- 
chart recorder features full-scale bal- 
ancing time of 1 sec; is suitable for 


panel or relay-rack mounting or port- 
able use. Measuring circuit is unitized. 
Various types of measuring circuit 
are under development; potentiometer 
model now available has behind-panel 
span adjustment to any value from 
9 to 100 mv. Source resistances as 
high as 100,000 ohms are permissible. 
Rectilinear 5” strip chart comes in 
85-ft rolls. Single, dual and quadruple 
chart-speed models are available with 
speeds from %” per hour to 8” per 
minute. Weight 15 lb.—Varian As- 
sociates Instrument Div., 611 Hansen 
Way, Palo Alto, Calif. 
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TWO-PEN 2-ZONE RECORDER 

New “Model 6791” 2-pen 2-zone 
recorder, suitable for control room, 
production line or lab, is added to 
maker’s “6700” line of unitized-con- 
struction recording-controlling instru- 
ments; comprises two independent in- 
struments housed in a case 17%” wide 
to fit standard relay racks. It em- 
ploys two electronic amplifiers of 
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plug-in type for easy servicing, and 
two separate measuring circuits with 
replaceable range standards for quick 
range change. Alarm switches are 
available for each zone and can be set 
in seconds. Slidewires are interchange- 
able, and totally enclosed for complete 
protection. Chart speeds 1” per hour 
to 1” per minute. Choice of semi-auto- 
matic or fully automatic standardiza- 
tion on potentiometer.—Weston Elec- 
trical Instruments Corp. (subs. of 
Daystrom, Inc.), 614 Frelinghuysen 
Ave., Newark 5, N. J. 
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TWO-CHANNEL RECORDER 


New “Dual recti/riter” rectilinear- 
writing galvanometric strip-chart re- 
corder can record two functions sim- 
ultaneously in their true wave-forms; 
is adaptable to a variety of circuits. 
Design features include “writing 
desk” area for manual notations on 
chart, front-located zero adjust, front- 
mounted controls and signal termi- 
nals, and finger-tip-shift 10-speed 
chart drive. Event marker pens can 
be mounted on each side of chart. 


TEMPE 


Closed inking systems with fine-line 
writing pens prevent evaporation and 
spillage and provide non-skip quick- 
drying inking over full 4%” deflec- 
tion. Full-seale rise-time, 0.25 sec, is 
said to be “fastest of any recorder in 
its class.”’ Choice of ac, de, spring, 
or external drives with 100-ft charts. 
Movements available in 1, 5, 10 or 25 
ma input for full-scale deflection. De 
accuracy 1% of full-scale-—Texas In- 
struments Inc., Industrial Instru- 
mentation Div., P. O. Box 6027, Hous- 
ton, Texas. 
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DIFFERENTIAL THERMOMETER 


New “Model B Fiske Precision Dif- 
ferential Thermistor Thermometer,” 
said to be “easier to use and less 


expensive than thermocouple or ther- 
mopile equipment,” can be used for 
actual temperatures or temperature 
differences. Previous models have 
been used to measure phenomena to 
a repeatability of 0.001 C° for several 
years “without aging, drift or hyster- 
isis.” Features: high recorder-control- 
ler voltage output, no reference junc- 
tions, no electronics, remote operation, 
sensitivity 0.0005 C°.—Advanced In- 
struments, Inc., 18 Oakcrest Road, 
Needham 92, Mass. 
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RESISTANCE THERMOMETRIC 
PRIMARY ELEMENTS 


New “Type 1300 Stainless Steel 
Bulb Temperature Pick-Ups” are re- 
sistance elements with outputs up to 
5 v. Temperature interval over which 
100-ohm resistance change will occur 


BARS 


can be as short as 100 F°. Accuracy 
is unimpaired by 25 G to 2000 cps 
vibration. Limits of available ranges 
are —300°F and 1800°F. Bulbs can 
be furnished for installation in cor- 
rosive fluids. Accuracy 1% of full- 
scale range; precision 0.2% of full- 
scale range; maximum continuous 
current 20 ma rms (averaged over 
1 second) ; thermometric lag less than 
2.5 sec in agitated water.—Trans- 
Sonics, Inc., Box 328, Lexington 73, 
Mass. 
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TEMPERATURE CONTROLLER 


New safety-type “No. 997 Temper- 
ature Regulator” closes automatically 
if thermostatic unit should be acci- 





New C-series solenoid valve offers 
recognized ‘‘Skinner Quality’’ at low cost 


This is a faithful reproduction—in miniature—of the 
time-tested, 2-way, normally closed Skinner V5 ex- 
cept that the body is made of brass. 

This new, compact Skinner valve weighs only 12 
ounces, yet it’s rugged enough to last millions of 
cycles on most applications. 

This new valve has orifices from 5/32” to 7/64”, with 
pressures ranging from 60 to 130 psi. Pipe size is 1/8” 
NPT. It is a packless, direct-acting valve with only 
two moving parts. And it’s absolutely bubbletight— 
even on vacuum. This C-Series Skinner valve is fail- 
proof, too—a built-in spring return assures positive 
closing; thus it can be mounted in any position and is 


ideal for direct-line mounting. 

You'll find this new valve, with its recognized “Skin- 
ner Quality,” the perfect low-cost answer to a wide 
range of flow control problems. It works efficiently 
with air, water, oils, gasoline and many other media. 
Typical applications include: automotive fuel systems, 
welding equipment, vending machines, lubricating de- 
vices, spraying equipment, air horns, water softeners, 
humidifiers and instrumentation. 

Our Bulletin D11.1 contains complete information 
on this valve—flow curves, optional features, dimen- 
sions, electrical data, etc. We will be happy to send 
you a copy on request, 


ELECTRIC VALVE 
DIVISION connecricur 


THE SKINNER CHUCK COMPANY 
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sac NEW INSTRUMENTS 


: dentally damaged. Its special tight- 
a closing single-seated valve makes it 





suitable for “dead end” service. Sizes 
from 4” to 2”.—Fulton Sylphon Div., 
Robertshaw-Fulton Controls Co., Box 
400, Knoxville, Tenn. 


COM PARISON BRIDGE For more information circle 213 on inquiry card. 
TEMPERATURE CONTROLLER 


New “Type F56 Remote Bulb Tem- 
perature Control” is a wide-range un- 
calibrated skeleton unit designed for 
use in ovens, incubators, etc., where 
space or weight is a limiting factor. 
Basic components: control head with 
attached bellows, bulb, and capillary 
tube that connects bulb to bellows. 
Models of “Type F56” are available 
with a span of 200 F° between limits 
of —150°F and 150°F or 70°F and 
370°F; or with a span of 500 F° be- 
tween limits of 100°F and 650°F. On- 
off differential is about 1 F° or 2 F°. 
Choice of switches: normally-open, 
normally-closed, or double-throw with 
no neutral position—United Electric 
Controls Co., 85 School St., Water- 
town, Mass. 
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THERMOSTAT 


New “C7216 Klixon” snap-acting 
dise-type thermostat, for applications 
where maximum shock and vibration 


Le istance are required, features 
FOR FAST, ACCURATE MATCHING OF GM; “tenner Disc” thermal element, her- 


rely 
As 
Ms 


‘ tse ey et 


metically sealed assembly, copper- 
nickel plated steel casing specially 
plated for corrosion resistance. Stand- 
ard temperature settings (fixed) from 
—20°F to 400°F.—Spencer Thermo- 
stat Div., Metals & Controls Corp., 
Attleboro, Mass. 


For more information circle 215 on inquiry card. 


RESISTORS 1! ohm to 5 megohms 
CAPACITORS 500 mmfd to 2000 mfd 
INDUCTORS 3 millihenrys to 10,000 henrys 


® Five Meter Ranges: 1%, 2.5%, 5%, 10% and 
25% difference readings at full scale 
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SHOCK-PROOF THERMOSTAT 


New “Klixon C6786” snap-acting 
disc-type thermostat, designed for ap- 
plications where high shock and vibra- 
© Foot operated switch available $ tion resistance is required, has snap- 

185. acting-disc and fine silver contacts 
enclosed with a stainless steel cup; 
base assembly available in phenolic 


or silicone construction. Operating 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. = | temperatures from —20°F to 400°F; 


factory-preset. Terminals are solder 
Industrial Instruments Division hs type. Rating 2 amp resistive 115 vac, 


P. O. BOX 13058 2831 POST OAK ROAD HOUSTON 19, TEXAS 1 or 5 amp resistive 30 vac/vde. Weight 
2.5 grams.—Spencer Thermostat Div., 
Metals & Controls Corp., Attleboro, 
Mass. 
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® Accurate within 0.1% on 1% scale 
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® Component differences of 1 part in 
10,000 can be detected 
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MINIATURE THERMOSTAT 


New “Tini-Tempswitch,” said to be 
“particularly useful for a_ precision 
temperature control in cathode tubes 
and in many other applications,” is 
available in plain, flanged or screwed 
head mounting, in two-wire or ground- 
ed type. Rated load 1 amp 110 vac. 
Various ranges available; unit will 
operate repeatedly on extremely close 
differential of %° in a properly-de- 
signed and heat-balanced system— 
Scaico Controls Inc., Palmyra, N. J. 


For more information circle 217 on inquiry card. 


THERMOCOUPLE TESTER 


New ‘Model 
387” millivolt- 
meter, for check- 
ing voltage out- 
put of safety 
thermocouples on 
gas-fired equip- 
ment, is simple 
to use. Clips are 
merely placed 
across TC termi- 
nals to test for 
correct voltage. 
Ranges are 10, 
30, 100, 300, and ° 
1000 mv. Accuracy is 3% of full scale 
at ambient temperatures of 50° to 
120°F. From —55° to 185°F, an ad- 
ditional error of no more than 2% 
can be expected.—Simpson Electric 
Co., 5200 W. Kinzie St., Chicago 44, 
Ill. 


For more informatio ircle 218 on inquiry card. 


HUMIDITY 





HUMIDITY MONITOR 


New “Type 26-301 Moisture Moni- 
tor,” for accurately measuring min- 
ute quantities of moisture in gaseous 


mixtures, is suitable for research, 
quality control, and process efficien- 
cy. It will measure water content ac- 
curately down to 1 ppm, and permit 
precise readings over full-scale range 
of 0 to 1000 ppm by means of a 5-step 
attentuator. Its output can be tele- 
metered. Principle (developed by du- 
Pont): an electrolysis cell in instru- 
ment continuously absorbs and elec- 
trolyzes all water present in a sam- 
ple stream. A direct voltage is applied 
to cell elements and electrolysis cur- 





“Small 


3” x 4” x 3” 


light 


under 8 Ibs. 


rugged 


portable, versatile 


accurate 


stable, reliable 


Model 224 


The Model 224 like the well known Model 199 
incorporates the patented Barton Rupture Proof Bellows principle 
and can withstand ov rer- ranges up to ‘the pressure rating of the housing 
regardless of the differential pressure range of the unit. This unit obsoletes 
the lubricated pressure tight heaving, by transmitting 
bellows motion ie the exterior of the housing through a torque tube. With differential 
pressure ranges from 0.75" W.C. to 0- 400 psi and housings rated from 500 psi 
to 3000 psi, the Model 224 offers a maximum of flexibility and utility. 


Available in five basic models. 


ay 


model 225 model 232 


model 226 model 227 


model 231 


Refer to Bulletin 224-1 or contact Barton Sales Engineers in most principal cities. 


ARIOR corroraATION 
580 MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA 
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or D contacts. Or you may order special 


strips with intermixed contacts 


Form A, C 


... stromberg-Carlson push-type keys 
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Complete tech 
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STROMBERG-CARLSON S 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


nk or with 


Constructed ar 


you 


2 applied as the 


ombinations are furnished with 


Telecommunication Industrial Sales, 110 Carlson Rd., Rochester 3, N.Y. 


NEW INSTRUMENTS 





rent (related directly by Faraday’s 
Law to mass flow-rate of water into 
instrument) is a measure of water 
content. A flow controller keeps flow- 
rate constant. Among operating ad- 
vantages: electrolytic cell is easily 
removed through an opening in front 
panel; an adjustment method is pro- 
vided for remote recorder calibra- 
tion.—Consolidated Electrodynamics 
Corp., 300 North Sierra Madre Villa, 
Pasadena, Calif. 
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HYGROMETRIC ELEMENTS 


New “Hygropak” resistance-type 
humidity-responsive elements utilize 
thin films of new materials devel- 
oped for this purpose. Among advan- 


tages: (1) High speed of response; 


8576 


(2) various types of coatings avail- 
able for measuring either high or low 
relative humidities; (3) availability 
of positive- or negative-resistance 
types of coatings; (4) plastic-case 
elements operate up to 200°F and 
glass units to 600°F; (5) user can 
select commercial de or ac bridge cir- 
cuit components and instruments for 
portable or control-board hygrometric 
systems.—Photo-Crystals Ine., 15 
South First St., Geneva, Illinois. 


For more information circle 220 on inquiry card. 
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SELF-OPERATING FEEDER 


New “Series A-619” self-powered 
feeder used to control the feed of dry 
free-flowing materials at rates from 


84a9 


200 to 2000 lb/min operates on the 
principle of balanced weights. Force 
produced by material being, fed, as it 
falls onto an impact pan, is balanced 
by a preset counterweight. Units are 
available with automatic shut-off to 
permit starting or stopping of feeder, 
or synchronization with other plant 
equipment.—Wallace & Tiernan Inc., 
Belleville 9, N. J. 


nformat onc 
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ADJUSTABLE FLOW 
REGULATOR 


New “Model 1400, adjustable flow 
regulator adapted for manifold 


mounting comes with subplate kits 
with built-in check valves for free 
reverse flow; is easily installed; 


weighs 5 lb; has all exterior alumi- 
num surfaces anodized.—Waterman 
Engineering Co., 725 Custer Ave., 
Evanston, Illinois. 

nquiry card. 


For more information circle 222 on 


MASS FUEL FLOWMETER 


New gravimetric fuel flowmeter 
whose accuracy is unaffected by vari- 
ations in density, temperature, vis- 





TRANSMITTERS INDICATORS 
cosity or chemical composition of fuel, 
provides true mass flow-rate indica- 
tions without use of auxiliary den- 
sity-correcting devices. Principle: A 
constant-speed impeller imparts a 
momentum to the passing fuel propor- 
tional to mass flow-rate. This momen- 
tum is transmitted to a _ spring-re- 
strained sensing wheel, whose deflec- 
tion (proportional to mass flow-rate) 
is converted to a direct voltage. This 
de signal is modulated to produce an 
indication, in pounds per hour, at 
cockpit panel. Hydraulic design of 
transmitter, plus self-balancing indi- 
cating system, provides linear indica- 
tion over entire flow range and a ver- 
nier subdial permits precise interpo- 
lation. Response time of indicating 
system is less than 5 seconds for full- 
seale pointer travel. Indicators’ inte- 
gral lighting meets both “aviation red” 
chromacity requirements of AN-C-56, 
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CONOFLOW Sifu You 
the Way to AUTOMATION 


HERE'S HOW 


The Conoflow Cylinder Conomotor—a powerful pneumatic 
actuator—has accelerated industry’s approach to the auto- 
matic factory and the continuous process plant. A wide range 
of final control elements, never before available, has been 
created by the Cylinder Conomotor, a servo capable of 
following the exact signal outputs of modern electronic and 
pneumatic instruments. 


COST-CUTTING 


— AUTOMATION 


CYLINDER 


lele] Tel) Teh gel: 


Cylinder Conomoters, acclaimed by industry as the ultimate 
in control valve actuators, are fast becoming the standord 
for automatic control of other process regulating equipment. 
A few of these are: motor driven speed changers, propor- 
tioning pumps, flow regulators, electric timing devices, and 
numerous electrical systems components such as rheostats, 
autotransformers and potentiometers. 


A FEW EXAMPLES OF CONOFLOW AUTOMATION... 


Proportioneers 
Proportioning Pump 


U.S. Electrical Motors 
Variable Speed Drive 


Conoflow application engineers, well versed in systems 
engineering methods, will gladly help you evaluate the use 
of the Cylinder Conomotor on your equipment. Avail your- 
self of the tremendous advantages offered by this concept 
of automation, including increased productivity ... savings 


Kates Dorr-Oliver 

Flow Regulator Electric Timer 
in man power...improved quality control...and many 
other benefits. Call or write today for “personalized” 
service. Conoflow Corporation, 2100 Arch Street, Phila- 


delphia 3, Pa. Representatives in principal cities. 


WRITE FOR BULLETINS B-50-2-A AND EB-2-A 


CONOFLOW CORPORATION 


FOREMOST IN FINAL CONTROL ELEMENTS 
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How Capacitrols solved 


critical temperature control 
problem in transistor 


manufacture at RCA 


MEERA MET Ze RE ST RT TT TT ace ele 





EACH ZONE 8 IN. LONG, 
HEATED BY 1000 WATT 
TEMPERATURE RESISTOR. CONTROLLED BY 
INDICATED BY MODEL 402 FURNACE OPERATES UNDER MODEL 407 CAPACITROLS 
ORY HYDROGEN 


Y 
ATMOSPHERE 
STAINLESS STEEL 


CONVEYOR BELT 
1-72" WiDE 












































WATER JACKETED MUFFLE 








BARBER — COLMAN 
CONTROL CENTER 











2) MODEL 407 - MODEL 610 PILOTS 
SATURABLE CORE 
— CELLS PLACED INTO 
1) MODEL 402 "BOATS" FOR TRIP 
R 


MAGNIFYING 
THROUGH FURNACE GLASS 











Diagram above shows smaller of two furnaces 
producing transistor cells. Two minute balls 
of indium are alloyed onto opposite sides of 
a .002 in. thick slice of germanium. Zones of 
germanium-indium alloy must grow inward 
toward central plane of germanium wafer to 
within .001 in. of each other. Conveyor belt 
carries cells through four furnace zones 
heated by resistors rated at 1000 watts per 
zone. Two Model 407 Capacitrols control 
temperature of zones 1 and 2. One Model 
402 Capacitrol indicates temperatures in 
zones 3 and 4 by switching. 

Photo at left shows workers preparing cells 
before Wheelco Control Center of larger, 12- 
zone furnace on which Model 407 Capacitrols 
similarly control and indicate temperature. 
Controlled temperatures are 610 to 550C. 


By applying accurate Wheelco 400 Series Capacitrols to two furnaces, 
RCA solved the key problem of process temperature control during 
crystal growth in its Harrison, New Jersey, transistor plant. The 400 
Series Capacitrols are completely self-contained, direct-deflection-type 
indicating controllers with a wide range of application to jobs where 
temperature control is critical. 400 Series Capacitrols operate on the 
proved and accepted Wheelco “electronic control principle” —a precise 
control circuit constantly sensing changes in the measured variable. 
Simple design, careful workmanship, and quality materials insure long, 
trouble-free service. Write today for details of RCA’s challenging prob- 
lem and the simple solution found in Wheelco’s 400 Series Capacitrols. 


BARBER-COLMAN COMPANY 
DEPT. N, 1515 ROCK STREET, ROCKFORD, ILLINOIS 
BARBER-COLMAN of CANADA, Ltd., Dept. N, Toronto and Montreal, Canada 


Industrial Instruments »« Automatic Controls « Air Distribution Products 
Aircraft Controls « Small Motors »« Overdoors and Operators « Molded 
Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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and intensity specification of WADC 
Ex WCLEI-3-10. Performance of sys- 
tem meets all temperature, vibration 
and other environmental requirements 
of MIL-E-5272A. Present production 
models are designed for flow rates 
up to 45,000 pph but system can ac- 
commodate flow rates as high as 600,- 
000 pph. System is factory-calibrated 
and requires no field adjustments. Its 
components are_ interchangeable.— 
Avien, Inc., 58-15 Northern Blvd., 
Woodside 77, N. Y. 


For more information circle 223 on inquiry card. 


LIQUID LEVEL 





LIQUID LEVEL CONTROLLER 


New “Dynatrol” features fail-safe 
operation; utilizes a unique “motor- 
generator” combining (1) a vibrator 


sa EASE REIMER TT TERRE ees 


driven by line frequency and (2) a 
tiny pickup whose output ceases at 
high level. For low-level detection, 
generator output energizes relay when 
level drops. Absence of electronic 
tubes assures reliability. No float, no 
packing, no close tolerances. Standard 
model is accurate to 0.01”; explosion- 
proof; 115 vac, sp-dt; 1000 psi pres- 
sure rating at 150°F.—Automation 
Products, Inc., 3030 Max Roy St., 
Houston 24, Texas. 


For more information circle 224 on inquiry card. 


LIQUID-LEVEL DETECTOR 


New liquid-level detector features 
completely-transistorized high-relia- 
bility construction and 0.02” detection 
accuracy. Single and multichannel 
units are available. Current through 





liquid is only a few microamps. Ex- 
plosion-proof, portable, and conduit- 
box packaging are standard. Operation 
is from 28 vde, 117 vac or self-con- 
tained batteries; signal output by re- 
lay operation. A ten-channel detector 
is pictured.—Southern Engineering, 
309 Volunteer Bldg., Chattanooga, 
Tenn. 


For more information 


PRESSURE, VACUUM, 
LOAD, FORCE, etc. 


PRESSURE & LOAD PICKUPS 


New “Celab Pressure Cells” feature 
absence of moving parts, can be used 
to measure (1) fluid pressures, (2) 
weights or loads, (3) forces, vibra- 
tions, etc. They utilize “Celab Plastic,” 


circle 225 on inquiry card. 





,@@Oe 


a hard elastic material whose elec- 
trical resistivity changes when it is 
compressed. (Actual compression said 
to be “not measurable.”) Cells can be 
produced with almost any desired 
final resistance, depending on heat 
treatment during manufacture. Some 
can be used for measuring local pres- 
sures in the human heart, others for 
explosion studies. Low-pressure mod- 
els are claimed to be “the most sen- 
sitive made, having a top sensitivity 
of 10,000 ohms change with a differen- 
tial of 0.002 mm Hg in a cell 4” by 
44” weighing 2 grams.” Low pressure 
units must of course be used at known 
temperatures and, for high-precision 
work with most models, temperature 
corrections should be applied (curves 
on request). All cells are undamaged 
by temperatures from —50°F to 
+425°F. Cells require no amplifier, 
most being capable of several watts 
output. Illustration shows some mod- 
els available for immediate shipment. 
They are sensitive on one side only; 
2-, 3- or 4-side units to order; also 
models with two or more sensitive 
areas on one side.—Clark Electronic 
Labs, Box 165, Palm Springs, Calif. 
ircle 226 on inquiry card. 


For more information 


HI-TEMP PRESSURE SWITCH 


New “Type 6576 High Temperature 
Pressure Switch” can operate at 
650°F by use of all-welded stainless 
steel construction, advanced type of 
snap-action switch element and pre- 
cision stacked-capsule sensing ele- 


geen ont 





Helicoid Gages 





Long-life gages 

to meef every 
pressure indicating 
requirement 


Acaloy flanged case 


Tubes of bronze, alloy steel, 
stainless steel and K Monel 
for all types of gas or liquid. 


Cases are flanged, flangless, 
flush mounted, square or 
circular and with white or 
black dials. 


Chemical gages with dia- 
phragms to seal off objec- 
tional substances from in- 
dicating gage. 


HELICOID has the 
HELICOID movement 


Only 


Acaloy square case 
for flush mounting 


For pressure, vacuum 
or compound service 


Ranges from 
15 to 20,000 p.s.i. 


Chemical gage 
with black dial 


All HELICOID Gages provide the sustained 
accuracy that only the famous 
HELICOID— no gears— movement provides. 


Write today for the HELICOID G-2 CATALOG 


Helicoid Gage 


Division 


AMERICAN CHAIN & CABLE 





929-B Connecticut Avenue + Bridgeport 2, Connecticut 
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PALMER 


MERCURY ACTUATED 


DIAL THERMOMETERS 


in 3 types to suit any 
requirements 


Full 41/,” dial face. 
Stem can be placed 
at any angle and 
case can be rotated 
to any readable 
position. 


Rigid Stem Dial Ther- 
mometer tapered bulb, 
interchangeable with 
standard industrial ther- 
mometer separable socket. 
(As illustrated above.) 


Wall Mounted Dial 
Thermometer with 
flexible connecting ar- 
mor, Case adjustable to 
easy reading position. 


Flush Mounted Dial 
Thermometer for pan- 
el mounting with flex- 
ible connecting armor. 


All three types have a full 
4,” dial face. 


for accuracy: Mercury actuated . , . Fully Com- 
pensated by Invar Compensaton. Guaranteed 
Accurate 1 scale division. 

for angularity: Can be adjusted to most read- 
able position at any angle desired. 

for readability: Bold Black Numbers...11” of 
scale Reading Dial face can always be placed 
in easiest readable position. 

for interchangeability: Always specify 
“PALMER" Separable sockets as they are inter- 
changeable for Dial or Industrial type Ther- 
mometers. 


Write for Catalog Information 


PALMER 


THERMOMETERS, INC. 
Norm {4 Ave. Cincinnats 12. OF 
Mfrs Ml avo l ESRalel am Gel sleldel loin 


g ond Dial Thermometer 
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ment. Contacts are sp-st or sp-dt, 1 
amp inductive, 28 volts. Absolute- 
pressure version provides an ad- 
justment range of 20 to 75 psia. Gage- 
pressure style available. Proof pres- 
sure 100 psi; burst pressure 150 psi. 
—Manning, Maxwell & Moore, Strat- 
ford, Conn. 

For more information circle 227 on inquiry card. 


MULTISTATION VACUUM GAGE 

New “Type 2203-03” one- to four- 
station Pirani vacuum gage gives di- 
rect continuous readings of total pres- 





sure of condensable vapors and per- 
manent gases on two scales: 1-50 mi- 
crons Hg and 50-2000 microns Hg; 
features a new sensing tube which 
greatly reduces zero drift (serious 
problem in previous hot-wire gages). 
This tube operates at the exception- 
ally low maximum temperature of 
250°C and carbon deposits on filament 
do not change its emissivity. Both 
sensing and compensating tubes are 
enclosed in a single metal envelope 
to minimize ambient-temperature ef- 
fects. Automatic voltage regulation 
facilitates operation and permits use 
of a 0-10-mv recorder without con- 
stant operator attention.—Consoli- 
dated Electrodynamics Corp., Roch- 
ester Div., 1775 Mt. Read Blvd., Roch- 
ester 3, N. Y. 
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PRESSURE REGULATORS 


New ‘‘Series 

20AG and 20AG- 

X’’ regulators 

provide precise 

control over their 

full operating 

range regardless 

of wide flunctua- 

tions in main line 

air pressure and 

widely-varying 

f air flow; also 

greater air capac- 

ity than previous 

models; also low- 

er prices on some 

sizes. New regulators are also de- 

signed for use with water, oil and 

non-corrosive gases; are available in 

pipe sizes from 4” through 1”; are 

offered in relieving and non-relieving 

type—C. A. Norgren Co., 3400 S. 
Elati St., Englewood, Colorado. 
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PRESSURE REDUCER 


New pneumatic pres- 

sure reducer, designed 

to conform to MIL-R- 

8572A, weighs from 0.4 

lb to 0.6 lb (depending 

on model) and is avail- 

able in 4%” and %” 

tube sizes (larger 

models special). Built- 

in relief valve is stand- 

ard but reducer can be 

supplied without. Unit 

reduces pressure from 

3000 psi, is completely 

balanced producing 
straight-line regula- 

tion, features leak- 

tight shut-off and small 

initial pressure drop under flow con- 
ditions. Operating temperature range 
—65°F to 225°F for pneumatics 
(higher temperatures possible with 
slight modification of internal de- 
sign).—Pneu-Hydro Valve Corp.. 364 
Glenwood Ave., East Orange, N. J. 


For more information circle 230 on inquiry card. 


SERVICE REGULATOR 


New “143” light-weight internal- 
relief service regulator has “almost 
double the relief capacity of any pre- 


vious service regulator’: about 3000 
ft?/hr with outlet pressures of 1 psig 
or less, owing to three major new de- 
sign features: (1) direct upward 
venting through spring housing when 
internal relief valve is open, (2) 
spring housing design providing larg- 
est vent area in any service regu- 
lator, (3) large passages allowing 
pressure build-up to be quickly trans- 
mitted to lower diaphragm case and, 
once internal relief valve has opened, 
permitting large flow from main gas 
line to lower case and vent line. Other 
new features include 360° swivel, 
large pliable diaphragm and new 
boosting principle—Meter & Valve 
Div., Rockwell Mfg. Co., 400 N. Lex- 
ington Ave., Pittsburgh 8, Pa. 
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ACCELERATION 
ACCELERATION PICKUP 


New “Series LA03-0200” utilizes a 
high-output voltage-dividing resistor 
and a pressure-sealed case (already 











ANNOUNCING THE 104 MEMO-SCOPE 


wEMO- SCOPE 


The MEMO-SCOPE Model 104 is a 
new memory oscilloscope with a 
selection of 5 plug-in preamplifiers 
that will satisfy the most critical 
production, test and laboratory 
requirements. MEMO-SCOPE incorpor- 
ates the famous Hughes-developed 
Memotron direct-display storage 
tube that captures and retains any 
number of traces indefinitely 

at a constant intensity until 
intentionally erased. Traces are 
readily visible in a brightly-lighted 
room, and may be easily 
photographed for file records. 


MEMO-SCOPE 104 SPECIFICATIONS 


ERASURE: internal waveform generator triggered by front panel push button 

or by external switch. 

DC BLANKING: CRT grid direct coupled to external or internal 

blanking gate allows beam to be turned off except during sweep and insures constant 
sweep-time intensity over any sweep duration. 


DEFLECTION PLATES: available at rear terminal strip for direct connection. 


MAIN VERTICAL DEFLECTION AMPLIFIER: frequency response of DC to 700 kilocycles 
within 3db. Rise Time of 1/2 microsecond. 


TRIGGERED LINEAR SWEEP: range of 10 wsec to, 10 seconds per division, adjustable 
continuously or in 18 calibrated steps. Trigger: vertical amplifier signal, AC line or 


external pulse, either polarity, DC or AC coupled. Minimum external trigger amplitude: 


0.1 volt. Neon ready lamp indicates sweep is at left side of screen, ready for trigger. 


AMPLITUDE CALIBRATOR: available at front panel terminal—one kilocycle square 
wave with peak-to-peak amplitude of 0.01, 0.1, 1.0 or 10 volts, within 3%. 


BEAM POSITION INDICATORS are four neon lamps showing position of writing 
beam when not on screen. 


ILLUMINATED GRATICULE: scale calibrated in 1/3” squares in 10 X 10 array. 
RACK MOUNTING: Model 104 available on standard 14” X 19” relay rack panel. 


DIMENSIONS: 13” wide, 14” high, 20” deep. Etched circuit epon-glass electrical 
chassis. Hinged camera mount optional. 


OPTIONAL 
PLUG-IN PREAMPLIFIERS 
INCREASE FLEXIBILITY 


(All units with frequency response from 
DC to 250 kilocycles down 3db.) 


WB/4. Wide Band, DC. 


WB/SE/5. Wide Band, DC plus 
Speed Enhancement. 


HS/6. High Sensitivity— 
1Imv/division differential. 


HS/SE/7. High Writing Speed, 
High Sensitivity. 


HS/D1/10. High Sensitivity, 
Dual Input. 


+ ~. additional information or demonstration of the new Model 104 
write to HUGHES PRODUCTS 
MEMO-SCOPE 
International Airport Station 
Los Angeles 45, California 


© 1957, HUGHES AIRCRAFT COMPANY 
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to meet your specialized needs... 
A COMPLETE LINE OF 


Cnmold, 0. 


OXYGEN ANALYZERS! 


For time-saving, accurate measure- 
ments of Oxygen in your process or 
laboratory operations, select from the 
complete range of Oxygen Analyzers 
offered by Arnold O. Beckman, Inc. 

Each instrument operates on the 
field-proven Arnold O. Beckman para- 
magnetic principle which makes a di- 
rect physical measurement on the 
Oxygen itself. No chemicals, no com- 
plicated secondary relationships are 
used! 


f 





[y 


MODEL C—For higher accuracy with nar- 
rower ranges (than available with the D2), 
the Model C will meet your more advanced 
needs. Select almost any single range 
0-5%, 0-10%, 16-21% 85-100% O02 etc. 
(or equivalent in mm 02 partial pressure). 
Accuracy is + 1% of full scale. A 95% 
response to any reading is obtained in less 
than one minute. Oxygen content is read 
directly from a graduated scale. Measure- 
\ ments may be taken on either continuous 





or fixed volume samples. 115 Volts 50/60 
cycles. Weight: 12 Ibs. 


MODEL D2 — Spot-checks on purged tanks, 
lines, or flue gas are done quickly and con- 
—w with the Model D2. This unit is 
\ pletely self-contained, battery-operated 
yore weighs only 31/2 Ibs. Operation is sim- 

Y ple—merely squeeze a bulb to draw sample 
into the Analyzer, press a switch, and ob- 

serve the O2 concentration indicated on the 
graduated scale. Available with either 
0-25% O2 (0-190 mm) or a 0-100% 

02 (0-760 mm) dual range, the Model D2 

\ accurately performs to + 2% of full scale. 


. 








— —- wr 
—— = —J 
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MODEL E2— The precision-designed Model 
E2 fits the needs of installations requiring 
maximum accuracy. Offering a choice of 
single or multiple ranges, the Model E2 
provides quick, easy readings when a po- 
tentiometer dial is manually adjusted to 
restore a light beam to its null position. 
Oxygen content is read directly from the 
dial. Minimum range 0-1% 02 with accu- 
racy of + 1% of full scale. Ranges 0-5% 
Or: and wider...accuracy + 0.5% of 
full scale. 115 volts 50/60 cycles. Weight: 
31 Ibs. 


esieennaeneianiall 
For General Information, 


Ask for Data 
File 21G-27 
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RECORDING ANALYZERS — For continu- 
ous, automatic operation, Models F3 and 
G2 Analyzers provide millivolt, current, or 
pneumatic output for operation with stand- 
ard recorders. Ranges from 0-0.1% 02 to 
0-100% 02, 16-21%, etc. Multiple ranges, 
explosion-resistant cases, as well as com- 
plete sampling systems are available ex- 
tras with the Models F3 or G2. 


ee 


a _ 


FOR MORE INFORMATION— 
Outline your particular problems 
and let Arnold O. Beckman’s ex- 
perienced engineers offer recom- 
mendations for your specialized 
needs. Bulletins on any and all of 
the Arnold O. Beckman Analy- 
zers are yours for the asking. 


fit Builders for Industr\ 
1020 MISSION STREET 
UTH PASADENA, CALIFORNIA 


ircle 71 on inquiry card. 
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in use on target drones and missile 
systems) ; is available with connector 
or with solder terminals; features op- 
erating temperature range from 
—50°C to 100°C; typical ranges from 
+5 G to +35 G; resolution to 0.3%. 
—Humphrey Inc., 2805 Canon St., 
San Diego 6, Calif. 


For more information circle 232 on inquiry card. 


ACCELERATION PICKUPS 


New line of force, acceleration and 
pressure pickups features a_ recent 
advance in piezoelectric materials: 

é | i 
NEW ENDEVCO 


COPS TAL \ 
yy 


\ 























PEZORLEC 
CRYSTAL 


Tem ee F E 


~~ Oo =O 1 4 4 sto 128g 


less than 10% change of sensitivity 
over temperature range of —65°F to 
230°F, obtained without sacrificing 
additional features of high sensitivity 
(10 mv/G), high natural frequency 
(35 ke), high G range (10,000 G) or 
thimble size.—Endevco Corp., 161 E. 
California St., Pasadena, Calif. 


For more information circle 233 on inquiry card 


BIPLANAR ACCELERATION 
PICKUP 
New “Model GDM” is a light-weight 


(14 0z) variable-resistor-type pickup 
which measures lateral accelerations 





Cannon receptacle 


= 


in two mutually-perpendicular planes; 
is said to be ideally suited for aircraft 
and missile instrumentation require- 
ments. Operating temperature range 
—10°F to 180°F. Balanced range 
units are available in ranges from +2 
G to +30 G. Unbalanced range instru- 
ments can also be supplied. Frequency 
response closely approximates a sec- 
ond-order first-degree system.—Gen- 
isco, Inc., 2233 Federal Ave., Los An- 
geles 64, Calif. 


For more information circle 234 on inquiry card. 





TIME 





10-USEC TO 1-SEC TIMER 


New “Model 250A Time Interval 
Meter,” for precise measurement of 
intervals in range of 10 usec to 1 sec 


8525 





(option extension to 10 or 100,000 
sec). Accuracy is 10 usec; measure- 
ment interval can be started and 
stopped by independent or common 
voltages representing optical, mechan- 
ical or electrical events. Among fea- 
tures: two independent continuously- 
adjustable trigger level controls per- 
mitting full rated sensitivity (0.07 v 
rms) at any voltage level between 
—50 and +50 v. Small increments 
of voltage, ordinarily masked by at- 
tenuators, are easily selected even 
though high voltage bias levels, volt- 
age steps, square waves, etc., are 
present. Provision for ’scope marker 
signals for trigger level adjustment 
of start and stop points for measure- 
ment of complex waveforms.—Com- 
puter-Measurements Corp., 5528 Vine- 
land Ave., North Hollywood, Calif. 


For more information circle 235 on inquiry card. 


TIMING MECHANISM 


New timing mechanism of extra- 
ordinary ruggedness and versatility 
is composed of interchangeable 14”- 
dia cartridge-like modules of three 
functional types: (1) “watch” or 
time-interval measuring unit, (2) 
spring drive unit, and (3) control 
mechanism actuated by time measur- 
ing unit for opening and closing elec- 
tric circuits. Each type of module is 
available in several standard forms, 
to provide different torques, different 
lengths of total time cycle and dif- 
ferent sequences; so that many dif- 
ferent combinations can be obtained 
from a small number of standard 
building-blocks. Operating tempera- 
ture range —65°F to 165°F; impact 
resistance 3000 G applied up to 0.01 
sec; small reduction in accuracy when 





vew HAGEN 


hand set 


time delay relay 


controls 

1 to 10 
circuits 

in sequence 


Foolproof on Repeat Settings 


No danger of over-timing when you repeat a process several 
times —each with the same timing. On the first run, 
operator simply presses the stop release button and sets the 
adjustable stop (both shown in blue) at the desired time 
... then turns the pointer as far to the right as it will go... 
it can’t go beyond the stop. Thus the setting is always correct 
— on the first and all subsequent runs. 


A synchronous motor returns the cam shaft to “O” position, 
tripping switches in accordance with time settings. The 
process is stopped automatically. 

A wide selection of snap-action switches is available .. . as 
well as cam combinations. The Hagen Hand Set Time Delay 
Relay Model 73 is the answer to controlling solenoid valves 
in an industrial process, starting a group of motors in se- 
quence, for pump controls, and many other uses. 


Send for Bulletin 580 
MAIL COUPON TODAY! 


HAGEN MANUFACTURING COMPANY, INC. 
Dept. 1A-257, Moline, Illinois 


Please send Bulletin 580 on the new Hagen 
Hand Set Time Delay Relay. 





NAME AND TITLE 





COMPANY 





ADDRESS 





city ZONE STATE 
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Meeting the demands of modern instrument and auto- 
mation control is a job for tubing produced the 
Wolverine Tubemanship* way. 


The precision metering of liquids and gases is made 
to order for tiny, plug-drawn Wolverine Capilator™. 
Because it is plug drawn (it’s actually formed over 
a tiny mandrel made from piano wire) Capilator’s in- 
side diameter is mirror-smooth—can be held to the 
close flow tolerances asked for by the customer. 


For control tube applications, manufacturers can spec- 
ify Wolverine small diameter tubing in a wide range 
of sizes, wall thicknesses and alloys in copper, brass 
and aluminum. 


Also of major importance are Wolverine’s complete 
fabrication facilities. One-piece, tubular shapes with 
fully or partially closed’end treatments can be pro- 
duced in one economical operation by Wolverine’s 


TA PATENTED PROCESS RE 22465 


CALUMET @ HECLA, INC. 


CALUMET DIVISION 
WOLVERINE TUBE DIVISION 


unique Spun End Process f. Other fabrication techniques 
include bending, coiling, flaring, expanding, etc. 


To be sure of tubing that meets your exact specifica- 
tions make Wolverine Tubemanship your “buy” word. 
For complete information write for your copy of the 
Wolverine General Products Catalog. 

“Tubemanship is Wolverine’s word for 

tube manufacturing based on years of 

metalworking experience, constant re- 

search, sound engineering and_ rigid 

quality control—make it your watchword! 


National Electrical Week 
February 10-16, 1957 





FOREST INDUSTRIES DIVISION 
GOODMAN LUMBER COMPANY 
CALUMET & HECLA 

OF CANADA LIMITED 

CANADA VULCANIZER AND 


EQUIPMENT COMPANY LIMITED A 


Manufactu 


PLANTS IN DETROIT, MICHIGAN, AND DECATUR, 


Division of Calumet & Hecila, inc. 


@ 


* WOLVERINE TUBE 


1467 CENTRAL AVENUE, DETROIT 9, MICHIGAN 


ed Tubing and Extruded Aluminum Shapes 
3760 


ALABAMA. SALES OFFICES IN PRINCIPAL CITIES 


EXPORT DEPT. 13 E. 40TH ST., NEW YORK 16, NEW YORK 


For more information circle 73 on inquiry card. 
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NEW INSTRUMENTS 





rotated on own axis at high speed. 
With appropriately-designed cases and 
attendant mechanisms, fail-safe oper- 
ation and underwater operation are 
practicable—Hamilton Watch Co., 
Allied Products Div., Lancaster, 
Penna. 


For more information circle 236 on inquiry card. 


ELECTRIC CLOCK MOVEMENT 


New ‘1805’ 

2%” dia full-en- 

closed unit with 

synchronous elec- 

tric motor drive 

is said to be one 

of the smallest 

and lightest com- 

pletely enclosed 

movements available. It has hour, 

minute and second hand arbors and is 

complete with back setting knob; can 

be supplied for either 115- or 230-v 

60-cps operation.—Haydon Mfg. Co., 

Inc., 245 East Elm Street, Torrington, 
Conn. 

For more information circle 237 or juiry card, 


THREE-POLE TIME SWITCH 


Newly redesigned and improved 
“Model 1963” 3-pole time switch, for 
controlling three-phase power and 


8682 


lighting loads, offers a choice of four 
dial styles: regular 24-hour dial, skip- 
a-day dial (for eliminating week-end 
operation), astronomic dial (for light- 
ing to conform with sun’s schedule), 
and 7-day dial (to program an entire 
week’s varied schedule on the one 
dial) in enclosures best suited for 
particular installation. It is the first 
time switch that can be used to con- 
trol a 1% hp 3-phase motor directly. 
—Tork Clock Co., Inc., Mt. Vernon, 
Nw Xs 


For more information 


rcle 238 or nquiry card. 


ADJUSTABLE DELAY RELAYS 


New “TD404” surface-mounting 
“TD405” flush mounting type dial- 
adjustable timers are especially use- 
ful where frequent change in time set- 
ting is necessary. Clutch holding con- 
tacts can be supplied as a special 
feature. Reverse clutch action can be 
incorporated so that clutch is normal- 
ly locked in: unit then will be in timed 


* dem. 


out position normally and will reset 
to starting point when clutch is mo- 
mentarily energized. With clutch coil 
wired through an external switch, 
unit will time out and maintain posi- 
tion without power consumption. Wide 
choice of time delay and operating 
voltage ranges.—The A. W. Haydon 
Company, Waterbury, Conn. 

le 239 on inquiry card. 


For more information cir 


ELAPSED TIME INDICATORS 


New “7500 Series” de units employ 
standard or chronometrically-gov- 
erned DC motors; “12500 Series” ac 


units employ synchronous 50- or 60- 
cps motors; “24200 Series” use syn- 
chronous 400-cps motors. Wide vari- 
ety of range or motor types; reset 
type units and _ hermetically-sealed 
housings also available—The A. W. 
Haydon Co., Waterbury, Conn. 
nforn rcle 240 on i 


Bar mnt o ation 


DELAY NETWORKS 


New “Type 801” continuously vari- 
able delay networks, with incremen- 
tal time delay less than 0.08 milli- 
microsecond and total time delay up 
to 1000 usec, feature absolute sta- 
bility, no time jitter, hence are suita- 
ble for precision triggering systems, 
computers, etc. A unit of these delay 
networks consists of three step-vari- 
able delay lines and a continuously- 
variable delay line connected in tan- 
Each step-variable delay line 
consists of 110 sections of LC m-de- 
rived networks and a 20-pole 10-posi- 
tion rotary switch. Each section of 
these networks is especially designed 
to give minimum rise time and essen- 
tially zero overshoot. Rotary switch 
serves to alter number of LC m-de- 
rived sections connected in tandem, 
in order that a desirable amount of 
time delay can be secured between 
the input and output connectors. Four 
models: 55.55, 111.1, 555.5 and 1111 
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Iilustrated listings of compo- 
nents and accessories for oscillo- 
scopes including specifications on 
such items as knobs, pulse trans- 
formers, probes, magnetic shields, 
photographic recording equipment, 
racks and carrying tables. Many 
more miscellaneous items listed in 
easy to read form. 


+ Write for your copy 


oU MON 


ALLEN B. DU MONT LABORATORIES, INC. 
Technical Sales Dept. * Clifton, N. J. 
For more information circle 74 on inquiry card 
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Only the men are flying 


The fact is, men beat birds at 
their own game. Even when our 
feathered friends are grounded, we’re 
aloft; flying ever higher, faster, safer, 
further. And, unbelievable as it may 
seem, more accurately. 

Among the companies spear- 
heading man’s conquest of the sky 
are nine of the GPE Group. Their 
contributions are basic—technologi- 
cal bench marks such as— 

e the only compass systems 
that always know where north is, 
whatever the plane does, wherever 
it goes: Kearfott’s stable-platform 
gyro compasses; 


e the only simulators to meet 
the need for on-the-ground training 
in supersonic flight: famous Link 
jet simulators; 

e the only airborne navigation 
systems in operational use guiding 
planes automatically and with un- 
precedented accuracy — anywhere, 
in any weather: GPL Doppler auto- 
navigators. 

Inertial navigation, missile guid- 
ance, photoscience, and certain nu- 
clear power applications, are some 
other phases of aviation in which 
GPE companies are deeply and 
jointly involved. And while many of 


GENERAL PRECISION EQUIPMENT 


PRINCIPAL PRODUCING COMPANIES « Askania Regulator »« GPL « Graflex 
Griscom-Russell * Hertner Electric * Kearfott * Librascope * Link Aviation * Precision Technology * Shand and Jurs * Simplex Equipment ¢* Strong Electric 


For more information circle 75 on inquiry card, 


the products of the GPE companies 
— particularly in the field of avia- 
tion—serve defense needs today, the 
important scientific advances they 
embody are “plowshares” for to- 
morrow. 

Aviation is but one industry in 
which GPE companies work. A bro- 
chure describing the activities of the 
group is available. More than a 
dozen basic industries are served by 
products resulting from GPE coor- 
dinated technologies and resources. 


a} CORPORATION 
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man aloft 





The pilot — before he set eyes on this 
jet, before he set hand to the actual controls 
— had already “flown” it. He learned how, 
on the ground, in a Link F-102 Simulator 

. one of more than a million fliers who 
have logged “Link time.” Millions more will. 


Military flight and fliers benefit im- 
measurably from the systems and equip- 
ments developed by GPL, Kearfott, Libra- 
scope and the other GPE companies working 
in aviation. Once these classified products 
are released for civilian use, everyone will 
enjoy their benefits. 


The coordinated resources of the 
companies of the GPE Group, so ef- 
fective in anticipating and meeting 
the needs of flight, serve with equal 
effectiveness other industries suchas: 


Automatic Controls and Instrumentation 
Chemical and Petroleum 
Marine 
Motion Picture and Television 
Paper, Printing and Textile 
Power Generation and Conversion 
Steel, Mining, Transportation 


For brochure describ- 

ing the work of the 

GPE Group, write to: 

GENERAL PRECISION EQUIPMENT 
CORPORATION, 92 Gold Street, 
New York 38, New York. 
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usec delays. After calibration, ac- 
curacy can be maintained within 0.1% 
by use of correction curves. Front 
panel is 54%,”x19” with standard rack 
mount slots—Advance Electronics 
Lab., Inc., 451 Highland Ave., Pas- 
saic, N. J. 


For more information circle 241 on inquiry card. 


SPEED 
HAND STROBOSCOPE 


New “Deuta Combination Strobo- 
scope reads directly from 400 to 500,- 
000 rpm in two speed ranges; can be 





hand-held, supported on a_ special 
chest support, or tripod-mounted. A 
reflector for bright illumination is 
supplied —EPIC, Inc., 154 Nassau 
St., New York 38, N. Y. 


For more information circle 242 on inquiry card. 


TACHOMETRIC CONTROL 
New “MEK-2060 Speed Sensor Re- 
lay” allows processing or testing 
cycles to be automatically started or 


ici rence Aiba S 


’ ’ 8655 
stopped after a preset speed has been 
reached; can be used also as an under- 
speed or overspeed limit; to automati- 
cally synchronize two processes or ma- 
chines, ete—Machinery Electrifica- 
tion, Inc., Northboro, Mass. 


For more information circle 243 on inquiry card. 
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SPEED-CONTROL PICKUP 


New “Model 3040 Power Pickup” 
self-generating power source for op- 
erating directly over- and under-speed 


February 1957 


controls or warning devices is similar 
in operation to maker’s voltage-pro- 
ducing “Magnetic Pickups,” but pro- 
vides sufficient power to operate low- 
voltage electrical. devices without an 
amplifier. Power output is about ten 
times that of “Model 3010-A,” with 
an optimum load of 1000 ohms and 
750 mh average pickup inductance. 
At actuating surface speeds of 250 ips 
or more, it can operate relays having 
100 mw sensitivity. When using two 
germanium diodes in a voltage-dou- 
bler circuit, it will operate a conven- 
tional 2500-ohm vacuum-tube plate 
circuit relay.—Electro Products Labs., 
4501 Ravenswood Ave., Chicago 40, 
Til. 


For more informatic 


n circle 244 on inquiry car 


VARIABLE-SPEED DRIVE 


New “Model 24 Zero-Max” infinite- 
ly-variable speed reducer features a 
new lever control giving faster speed 


changes and simpler remote-control 
setups. Output speed setting can be 
changed instantly while unit is oper- 
ating or stopped. Output shaft can be 
stopped without stopping power 
source. Large quadrant can easily be 
calibrated. Speeds are claimed to be 
repeated accurately.—Revco, Inc., 
1900 Lyndale Avenue South, Minne- 
apolis, Minn. 

For more information circle 245 on inquiry card 


COUNTING 





PRESET DIGITAL COUNTER 


New transistorized digital counter, 
in association with appropriate pick- 
ups, counts articles, distance, degrees 
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of rotation, or angular measurements 
—at speeds to 15,000 counts per sec- 
ond (higher speeds special). Extreme- 
ly dependable operation is achieved 
by using transistors instead of vac- 
uum tubes. Small size and moderate 
cost are obtained by employing print- 
ed circuit boards and modular con- 
struction. Total power consumption 
(2 watts) is no more than filament 
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CLOSED -CIRCUIT TV 
ww ackorn 


See how industry is solving tough problems 
visually —with GPL ii-T V* 





Quick record reference via ii- TV permits 
concentration of records in one area, saves 
this user $30,000 a year. GPL system is 
simple enough for anyone to operate. 


Monitoring distant meter saves this man- 
ufacturer substantial sums in electric bills 
by avoiding peak loads. Reliable, remotely 
located TV camera by GPL needs no tending. 


Even bone-shattering concussions can’t 
disturb perfect pictures of GPL’s Rugged- 
ized camera, designed specifically for most 
severe applications. 


SEE 


Hard-to-see actions, as in the bouncing 
under-chassis of GM cars in road test, 
above, can now be viewed. Standard GPL 
TV camera takes hard knocks in stride. 


Observer is safe when dangerous opera- 
tions, like this one involving radiation at 
Brookhaven National Laboratory, are seen 
through sharp pictures of GPL camera. 


RUGGEDIZED 


TV PROJECTOR 


Basic ii-TV system is finest, most depend- 


BASIC SYSTEM 


able; costs less than medium-priced car. 
Mobile GPL TV Projector gives wall-size 
pictures 300% brighter than any other. 


* 
FOR YOURSELF 


For further details, or demonstration of this precision-engineered system 
in your own office or plant by local GPL representative, write on your 
letterhead to Mr. N. M. Marshall, Sales Manager, General Precision 
Laboratory Incorporated, 61 Bedford Road, Pleasantville, N. Y. 


*GPL’s industrial-institutional TV system. 


IRE SHOW 
BOOTH 1503 


General Precision Laboratory Incorporated 
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For detailed information on 


contact any of the following 
SALES REPRESENTATIVES 


@ Technical Instruments, Inc. 
971 Main Street 
Waltham 54, Mass. 
Tel: Twinbrook 3-1400 


TERRITORY: Massachusetts, Rhode Island, Connecticut, 
New Hampshire, Maine, Vermont, Northern New York 


W. A. Brown & Associates, Inc. 
P. O. Box 5007—Geo. Wash. Sub-station 
3610 Mt. Vernon Avenue 
Alexandria, Virginia 
Tel: TEmple 6-1800 


TERRITORY: Florida, Georgia, North Carolina, South 
Carolina, Maryland, Delaware, Alabama, Mississippi, 
Tennessee, Virginia, West Virginia 


M. P. Odell Company 
26614 Center Ridge Road 
West Lake, Ohio 
Tel: TRinity 1-8000 
—— Eastern Michigan, Western Pennsylvania, 
hio 


Hugh Marsland & Company 
6405 North California Avenue 
Chicago 45, Illinois 

Tel: Ambassador 2-1555 2-1556 
TERRITORY: Western Michigan, Indiana, Illinois, lowa, 
Nebraska, North Dakota, South Dakota, Minnesota, 
Wisconsin, Kansas, Missouri, Kentucky 





J. Y. Sch ker Company 
2011 Cedar Springs 
Dallas 1, Texas 
Tel: Riverside 8-3335 
TERRITORY: Texas, Oklahoma, Louisiana, Arkansas 


Don H. Burcham Co. 
P. O. Box 4098 
510 N. W. 19th Avenue 
Portland 9, Oregon 
Tel: Capital 7-3830 
TERRITORY: Washington, Oregon, Montana, Idaho 


Kittleson Company 
416 No. La Brea Avenue 
Los Angeles 36, California 
Tel: Webster 3-7371 
TERRITORY: California, Nevada, New Mexico, Arizona 


Canadian Westinghouse Company, Ltd. 
P. O. Box 510 
Hamilton, Ontario 
Tel: Jackson 8-3461 
TERRITORY: Canada 


or 
General Precision Laboratory 


Incorporated 


¢ Main Office 
(including New York District Office) 
63 Bedford Road 
Pleasantville, New York 
Tel: ROgers 9-5000 


¢ Mid-Atlantic District Office 
The Benson, Suite 111B 

Jenkintown, Pennsylvania 
Tel: Turner 4-3476 


¢ Mid-Western Office 
188 West Randolph Street 
Chicago, Illinois 
Tel: Dearborn 2-6453 


* Western Office 
21 N. Altadena Drive 
Pasadena, California 
Tel: Sycamore 5-5869 





Automatic Controls for 
FLOW, PRESSURE, RATIO, COMBUSTION, EDGE POSITION AND THICKNESS 


ELECTROJET PROVIDES ¥2 H.P.TO 40 H.P. HYDRAULIC 
OUTPUT FROM LOW LEVEL ELECTRICAL INPUT 


Note the Unique Advantages 


The ELECTROJET offers those particular advantages 
only hydraulic power can provide: 








FROM TRANSDUCERS: 


FOR PRESSURE « FLOW « RATIO « 
WEIGHT OR FORCE « SPEED « POSITION « 
TEMPERATURE ¢ THICKNESS 


TO THESE FINAL CONTROL ACTIONS: 


1. Low Maintenance—Self Lubricated Parts 


2. Output Power to Fill Needs from Smallest to 
Largest Requirements 


3. Wide Range of Operating Speeds 
4. Low Time Constants 


5. High Acceleration and Damping Power 
Linear 


Motion 


Crank 


Moment 6. Convenient Safety Interlocks 


Rotation 





Work 


‘ ELECTROJET functions in a 
Cylinder. 


Floating Control System 


Spring-Loaded 
Feedback 
Potentiometer 


ELECTROJET functions as a 

Position Servo Control System 

Beta, X-Ray or 
Other Type 


Squeeze 
Thickness Gauge 
“a 


Roll 
(oy 


Set Point 
Potentiometer 


‘ Cal. Inches Strip 


or 


Skelp 








Amplifier 











Set Point 


Voltage tial 
Feedback 


[rime] 
Voltage 


In this instance to control the thickness of the sheet felt 
being produced on an hydraulic press. 














A-C 
ELECTROJET 
UNIT 






































Set Point 
Potentiometer—> 


Drain 














In this instance to control the thickness of steel 
strip in a Rolling Mill 








D-C ELECTROJET 
Maximum power input 
Coil resistance 


A-C ELECTROJET 
Reference winding (constant) 
Control winding (variable) 


6 watts 
5 ohms to 20,000 ohms 
20 microwatts 


115v, 0.15 amp, 50-60 cps 
0-115v, 0-0.15 amp 


STUDY 


Break-loose voltage 

Jet Pipe pressure 110-150 psi std, 400 psi max. 

Jet Pipe flow (examples) ...1.2 mm nozzles; 100 psi, 0.6 gpm 

2.5 mm nozzle; 400 psi, 5.2 gpm 
2000 psi max. 


THESE 
SPECIFICATIONS 


Booster pressure 


Send for application bulletin No. 38.1 
THE ASKANIA REGULATOR COMPANY APPLICA- 
TION BULLETIN NO. 38.1 contains 
16 diagrams and illustrations to describe 
1 available ELECTROJET types 
2 applications and operation factors 
3 types of Final Control elements, etc. 
You’ll want this bulletin for application... 
for study....for ready reference. 


Write Askania Regulator Company, 263 E. Ontario Street, Chicago 11, Illinois 


ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


Break-loose power 
Hydraulic specifications. ..+...-eeeeeee As for A-C Electrojet 
Amplifiers for both A-C and D-C Electrojets are available to 
meet almost all requirements. However, in most applications 
the D-C Electrojet requires no amplifier. 


ASKAWNIA recutaror company 


“CONTROLS FOR INDUSTRY”’ 
HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, | 


5 


A SUBSIDIARY OF 
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‘ SERVO 
MOTOR- | 
GENERATORS -— | 
FOR EVERY ! 
PURPOSE 


Kearfott Servo Motor-Generators are characterized by low rotor inertia, low 
time constants and high stall torque. Motor-Generator combinations pro- 
vide 3 to 3.1 volts per 1000 R.P.M. with an extremely linear output over a 
speed range of 0—3600 R.P.M. and useful output up to 10,000 R.P.M. 


* New Size 11 low cost, Servo Motor-Damping Generator Type R 809. 


CHARACTERISTICS 





TYPE MOTOR GENERATOR 





OUTPUT 
STALL TORQUE NO LOAD SPEED | FUND. NULL LINEARITY 





DAMPING 





SIZE 18 


*INTEGRATOR 


SIZE 15 

SIZE 15 

SIZE 18 | | 

SIZE 18 a 

sze1e | im | 
i 











*integrator Tachometers are temperature stabilized 
| | 


Kearfott components satisfy all re- 
quirements for high accuracy, light 
weight and small size. 

KEARFOTT COMPONENTS INCLUDE: 
Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy mechan- 
ical, electrical and electronic components. 
Send for bulletin giving data of Counters 
and other components of interest to you. 


A SUBSIDIARY OF 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Scales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif, 


For more information circle 79 on inquiry card, 
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NEW INSTRUMENTS 





power required by a typical tube. 
Resolution 10 microseconds. Counter 
can be preset from 1 to 500 for batch 
counting. In operation, output of a 
suitable pickup is fed to transistor- 
ized flip-flops which, when desired 
number is reached, cause an output 
relay to function—Nader Mfg. Co., 
2661 Myrtle Ave., Monrovia, Calif. 


For more information circle 246 on inquiry card. 


INTEGRATING COUNTER FOR 
PNEUMATIC TRANSMISSION 


New seven-digit remote integrating 
counter for use with pneumatic trans- 
mission systems receives its signal 
from a measuring transmitter which 
operates on impulse duration system. 
Transmitted electric signal being a 
function of time, line voltage vari- 
ations cannot affect counter’s ac- 
curacy. Counter is housed in a small 
flush-mounting case for use near a 
pneumatic recording or indicating re- 
ceiver, etc.—The Bristol Company, 
Waterbury 20, Conn. 


For more information circle 247 on inquiry card 


DIGITAL DECADE COUNTER 


New Digital Decade Counter, de- 
signed for use in manufacturers’ elec- 
tronic digitizing systems, provides 
high reliability while minimizing pow- 
er requirements (6.3 vac @1.2 amp 
and 150-160 vac @7.5 ma); is avail- 
able in two models, ‘‘369A’’ and 
“369B,” which can be used as replace- 
ments for Brush “BD-100AN” and 
“BD-100BN” respectively. Function: 
it accepts input pulses at rates from 
0 to 100,000 counts per second and 
generates one pulse at output for each 
10 input pulses. Count is displayed by 
means of neon lights on a low-glare 
numerical screen. “Model 369A” has 
an octal base and analog staircase 
output; “369B” has an 11-pin base 
and four-line code out-put.—F ranklin 
Electronics Inc., Dept. 188, East 4th 
Street, Bridgeport, Pa. 


For more information circle 248 on inquiry card. 


COUNTER-CONTROLLER 


New industrial “MEK-2094-AG” 
will count dependably to 5,000 counts 
per second. At end of warning and 
final count, plug-in relays are ener- 








gized for control functions. Warning 
circuits can be used to slow down 
process to insure accurate control or 
to provide notice that preset number 
is about to be reached. At end of 
count, counter can be reset to zero 
manually (locally or remotely), or 
automatically either immediately or 
after an adjustable time delay. It is 
possible also to have counter reset 


immediately and have control relays 
remain energized until reset. These 
features in most cases obviate the 
need for a special controller. Unique 
enclosure design provides visible ob- 
servation without opening; is dead 
front (NEMA 1) with door open.— 
Machinery Electrification, Inc., North- 
boro, Mass. 

For more information circle 249 on inquiry ‘card. 


COMPUTING and DATA PROCESSING 





ELECTRONIC INTEGRATOR 
FOR DATA REDUCTION 


New “Model 270” accepts analog 
voltage signals, digitizes by hetero- 
dyne technique, and integrates area 


under signal curve by counting at 
rate of 10,000 per second. Integral can 
be total area under curve, area above 
a preselected signal level, area under 
curve for a preselected time interval, 
etc. It provides highly accurate meas- 
urements of energy by integrating 
power vs time, impulse by integrating 
force vs time, ete.—Allegany Instru- 
ments Co., Inc., 1091 Wills Mountain, 
Cumberland, Md. 


For more information circle 250 on inquiry card. 


DATA STORAGE UNIT 


New “AD1 Delay Unit” accepts a 
pulsed input signal and delivers a de- 
layed pulse output; operates at rep 


rates up to 1 Mc; can be specified for 
delay periods up to 1100 usec. Maxi- 
mum storage capacity 1100 bits of 
information; hence acoustical trans- 
mission is an economical storage 
method. Unit can be used with sev- 
eral types of digital equipment oper- 
ating at a 91l-ohm impedance level; 
is also completely compatible with 
maker’s line of digital building 
blocks. Quartz delay medium is tem- 
perature-controlled for delay accura- 
cies of 0.1 usec and can be adjusted 
by internal thermostat setting to pro- 
vide fine control of delay period. A 
reverse gain control is provided for 
additional adjustments.—Computer 
Control Co., Inc., Wellesley, Mass. 


For more information circle 251 on inquiry card. 


CARD-TAPE CONVERTER FOR 
X-Y RECORDERS 


New “Model 150” converts contact 
closures from an IBM punch, flexo- 


writer tape, or maker’s 10-key key- | 


8537 


board, to proportioned resistance or 
voltage values. Data are programmed 
into converter memory by a control 
circuit which not only programs con- 
verter but interlocks machine during 
“read” cycle. This insures that only 
information is read into memory; 
errors due to stray pulses are elimi- 
nated. x “Model 250 Symbol Genera- 
tor” is an optional attachment to 
Card-Tape Converter.—Electro In- 
struments, Inc., 3794 Rosecrans St., 
San Diego, Calif. 


For more information circle 252 on inquiry card. 


BUFFER STORAGE UNIT 


New “1092-BU-7” coincident-cur- 
rent magnetic core storage unit is 
said to have “unique properties which 
make it ideal for application as a 
temporary store, buffer or delay unit 
in data processing, computing and 


automation systems.” Capacity 1092 | 
characters, each of which can be up | 
to 7 binary digits in length: 7 bits of | 


each character loaded and unloaded 
from memory in parallel; characters 
introduced into store sequentially and 


immediately available at output in 














Primary parts of the Librascope 
Bail and Disc Integrator are a rotat- 
ing input disc (X), two counter- 
rotating steel balls enclosed in a 
carriage (Y), and an output cylinder 
(Z). The cylinder speed is proportion- 
al to the product of the disc speed 
and the ball carriage position. The 
disc speed and ball carriage position 
can be continuously variable. 


BALL CARRIAGE —Y 


e 
e@ CYLINDER-Z 
° 
1 re a 


LIBRASCOPE 
BALL and DISC 
INTEGRATOR 


A precise, instrument-size 
mechanical integrating element er 
variable speed drive 


Useful as a mathematical tool for 
speed multiplying, speed ratio com- 
puting and flow rate totalizing. Also 
fire control and automatic feedback 
applications. 


Starting torque, no load . . 
Output torque 

Carriage travel 

Output ratio 


Precision As high as 0.01% at 


stated output torque 


Write for Catalog 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


808 WESTERN AVENUE e GLENDALE, CALIFORNIA 
For more information circle 80 on inquiry card. 
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SPECIFY 


for Supporting 
Instrument Tubing 


ELECTRONIC COMPONENTS and ASSEMBLIES: 


Vacuum Tube Components; Diodes and Transistors; Slip-Ring 
Commutators; Crystals; Sub-Miniature Assemblies 


ELECTRICAL CONTACTS: 


Relays, Vibrators, Voltage Regulators, Sensitive Switches 
METER and INSTRUMENT 
COMPONENTS: 


Instrument Bearings; Jewel Bearings and 


Pivots; Gear Trains; Lapped Surfaces 


P-W Manufactures a complete 
trough system with channel con- 
nectors. Drive rivets are used for 
quick assembly.—Extension Con- 
nectors eliminate field cutting— 
Adjustable connectors for any 
change in direction or elevation— 
| Section for long spans—Tube 
Clips—Cushion Clamps 





tore 


Seivet! 
———" 


Visit BOOTH 4055 
at the IRE Show 


nformat 


Cobehn High-Velocity Spray-Clean Technique 
REMOVES: Rosin Flux; Silicone Lubricants; Oil, 
Grease and Wax; Lapping Compound and Abra- 
sives; Dirt, Dust and Lint 

Mywee—= SAFELY: No Film or Residue; No Corrosive Ef- 
fect; No Damage to Surface; No Fire or Explo- 
sion Hazard; Non-Polar and Non-lonic 


on circle 170 on inqu 


Write for Descriptive Literature 


126 PASSAIC AVE., 
CALDWELL, N. J. 














Raceway to support a limited num- 
ber of tubes with connectors, el- 
bows, tees, etc.—Bulkhead Bar. 
P.W systems are available in widths 
from |" to 24" and in lengths from 
I’ to 16". 


Twist-@ack 


The Structure To Support 

Tubetrof... Cabletrof... 
Shelving . . . Conduit . . . Cables 
... Pipe, Etc. 


Write today for Bulletin 656-G 


INDUSTRIES, INC. 


Duncan & Melrose Sts., 
Philadelphia 24, Pa. 


(Representatives to serve you!) 











THE 
AUTOMATIC FACTORY 


by Stephen A. June, J. D. Bardis, 
L. H. Lurio, L. S. Polaner, 
O. Sagedahl, H. A. Sklenar and 
B. K. Yenken. 


Here is a fresh viewpoint on 
what tomorrow’s “manless facto- 
ries” CAN be—a book entirely free 
from the boresome_ generalities, 
platitudes, exaggerations and mis- 
conceptions that have been repeat- 
ed by the majority of writers on 
this subject. 

The viewpoint is fresh because 
the authors sought the TRUTH in 
the course of their project under 
General George F. Doriot at the 
Harvard School of Business Ad- 
ministration. 

Here, then, is THE book for all 
those who want FACTS rather 
than wild opinions. 


88 pages, illustrated, 1955. 
$1.50 postpaid 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 
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The Second 


COMPUTER 
HANDBOOK 


includes: 


Industrial Uses of Special-Purpose 


Computers 


Computer Control of Rolling Mill 
Schedule 


A Practical Approach to Analog 
Computers 


Basic Applications of Analog Com- 
puters 


Process Control and the Analog Com- 
puter 


The G-15 Digital Computer 


LGP-30 General-Purpose Digital 
Computer 


Electronic Data-Processing Machines 
Office Automation 


Data Processing with a Quasi-Ran- 
dom-Access Memory 


Magnetronic Data Handling 


$2.00 postpaid 


ORDERS TAKEN NOW 
WILL BE FILLED WITHIN 
TWO WEEKS. 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave. Pittsburgh 12, Pa. 
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the same sequence as loading se- 
quence. No fixed block length for 
either loading or unloading.—Tele- 
meter Magnetics, Inc., 2245 Pontius 
Ave., Los Angeles 64, Calif. 

le 253 on inquiry 


For more information circ 


PULSE TO ANALOG CONVERTER 


New ‘‘Model 
8915 Rotostep- 
per’’ electrome- 
chanical shaft 
positioning device 
rotates shaft one 
2° step per de 
pulse. Rotation is 
unlimited clock- 
wise or counter clockwise, and step- 
ping speed is as rapid as 60 steps per 
second with torque output as high as 
14 oz-in. Between pulses, shaft posi- 
tion is locked. Optional control mech- 
anisms available on standard models 
provide homing to a fixed reference 
position, automatic continuous step- 
ping with the application of a steady 
de voltage, and/or voltage-divider out- 
put proportional to shaft position. 
G. M. Giannini & Co., Inc., 918 E. 
Green St., Pasadena 15, Calif. 
cle 254 on inquiry card 


For more information cir 


RANDOM-VOLTAGE 
GENERATORS 


New random-voltage generators, 
producing low-frequency noise with 
precisely controlled power frequency 


spectra and predetermined amplitude 
probability characteristics, provide ul- 
trastable accurate statistical func- 
tions for computer analysis, missile 
system analysis, transfer function 
derivation, etc. Six models cover fre- 
quency ranges from 0.01 to 50, 1000, 
3000 and 5000 cps and to 1 and 5 Me. 
Noise signal amplitude distribution 
with time is accurately Gaussian; out- 
put level 5 v rms into 600 ohms with 
direct reading calibrated attenuation. 
—Intercontinental Dynamics Corp., 
Sigmatron Div., 170 Coolidge Ave., 
Englewood, N. J. 


For more information circle 255 on inquiry ¢ 


DELAY GENERATOR 


New “Model 3770 Information De- 
lay Generator,” analog computer ac- 
cessory, accepts input information in 
the form of a voltage varying with 
time and within limits —100 to +100 


v; delivers the same information at 
its output terminals, but delayed 0.02- 
0.2 sec on lower range, or 0.2-2 sec 
on upper range. Delay interval, indi- 
cated within 1% on a large instru- 
ment, is smoothly and linearly ad- 
justable by a single knob. Input wave- 
form is faithfully reproduced for all 
frequency components from dc to in- 
verse of delay interval. Two or more 
units can be cascaded for distortion- 
less reproduction of higher frequen- 
cies, or to achieve proportionately 
greater time delays. % A second ver- 
sion provides a continuously adjusta- 
ble delay up to 20 sec and principle 
can be extended to even longer de- 
lays.—Donner Scientific Co., Con- 
cord, Calif. 


For more information circle 256 on inquiry card. 


CURVE FOLLOWER FOR 
X-Y RECORDERS 


New “Model 210 Curve Follower,” 
is an integral, internal attachment 
for use on maker’s X-Y recorders. 
Recorder pen is replaced with a pick- 
up coil which follows a fine wire 
bonded to graph paper. No physical 
contact is made between pick-up coil 
and curve. Wire is electrically excited 
by internal source. Connections are 
made at both ends of curve by min- 
iature connectors. Over-all static ac- 
curacy is 0.25% full scale, except 
near sharp corners and at slopes 
greater than 75°.—Electro Instru- 
ments, Inc., 3794 Rosecrans St., San 
Diego, Calif. 


For more information circle 257 on inquir 


SYNCHRONOUS DIAL DRIVES 
FOR X-Y PLOTTING 


New “X-Y Dial Drives” permit au- 
tomatic sweeping techniques to be 
used with existing test equipment; 


make it possible to use a two-axis 
plotter to obtain permanent and pre- 
cise recordings of data. Tedious task 
of reading, logging, and plotting 
point-by-point values is eliminated. 
Two sizes of drives are available: for 
4’ and for 6” General Radio gear- 
driven precision dials. In each size 
two speeds are offered, one 8 times 
the other.—General Radio Co., 275 
Massachusetts Ave., Cambridge 39, 
Mass. 

le 258 on inquiry « 


For more information cir 


Miniature Pressure 
Transducers 

for operation to 
+ 400°F. 


Temperature compensated 
over 465°F. interval 


0.01% /°F. thermal coefficient of 
sensitivity from —65° to +400°F. 


0.01% fs/°F. thermal zero shift 
from —65° to +-400°F. 


transduction 


Minimum response to vibration 
or acceleration 


Pressure adapters for closed 
line applications 


Absolute Pressure Transducers 
0-5 to 0-500 psia - Model PA260TC 


Gage Pressure Transducers 
0-5 to 0-500 psig— Model PG260TC 


Differential Pressure Transducers 
0-5 to 0-500 psid — Model PL260TC 
+2.5 to +25 psid— Model PM260TC 


When the transducer is a 
Statham, pressure 
measurements at elevated 
temperature are made with 
accuracy and confidence. 
Complete specifications available upon request. 


Please wire or telephone us collect 
whenever we may be of service. 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 


For more information circle 82 on inquiry card. 
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ALL NEW 


BIGGER THAN EVER! 


NEWARK’S 


Complete Industrial 


ELECTRONICS 


riaaeitd No. — 


Write today ... 


EWARK 


/ ELECTRIC COMPANY 
Mail Order Division . . . Dept. |IN-2 
223 W. Madison St., Chicago 6, Illinois 
4736 W. Century Bivd., Inglewood, Calif. 
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-e: 3 Times Greater Light Efficiency 
. . because a new, tiny Alden 
bulb (only 1% the size of miniature 
bayonet bulbs) is sealed high up in 
its own translucent lens and mounted 
«783% eure in front of the panel to ae maxi- 
Revere? mum indication. that is . . 

se: Visible From Any Angle — Any Distance 

1g glows like a red hot poker in a 180° 


-e- aednmimanein When Unlit 
‘Even brightest outside lights will not cause 
false indication 


“0. - Instantly Replaced From Front Of Panel 
x s Merely drill a .348” hole and snap-in 
e® b) for mounting. Holds fast under shock 
: or vibration. Bulb lens assembly re- 
g places from front of panel. 


Je: Eliminates Bulky Focusing or Refracting 
5 Devices 
Since most conventional indicator 
ft. light bulbs are located behind the 
om |_ panel they have to make use of 
me bulky magnifying lenses or refract- 


428% suce ing devices. 
erriciency) 


- ~e. - Variety Of Colors And Voltages 
Spits 6V, 12V, 24V, 110-220V Neon 


Write for full information - today 


For more information circle 84 on inquiry card. 
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PHOTOGRAPHY 
MICROFILM CAMERA 


New “Film-a-Record Model 11” pho- 
tographs both sides of a document 
simultaneously at any of three re- 





du.tion ratios; has a 12” throat, and 
doubles 16 mm film capacity by film- 
ing up one side and down the other 
using 8-min principle. Capacity is 
250 ft. of 16-mm film, which can be 
loaded in daylight. Automatic feeding 
equipment and document stacker 
available—Remington Rand, 315 
Fourth Avenue, New York 10, N. Y. 


le 259 on inquiry card. 


For more information cir 


NUCLEONICS 


FIVE-DECADE SCALER 


New “Model DS-5,” said to be “the 
first sealer ever offered with five 
decade units,” is a general-purpose 





ee 





nuclear lab instrument featuring 
“Mono-Matic” single-lever control 
which starts, stops and resets count 
and time, giving unusual simplicity 
of operation. Five decades, plus 100,- 
000th unit indicator, permit direct 
count to 199,999 without external 
registers. Over-all resolution time is 
1.0 usec per pulse pair. Pulse height 
control allows sensitivity to be varied 
to facilitate analysis of sample con- 
tent.—Technical Associates, 140 West 
Providencia Ave., Burbank, Calif. 


For more information circle 260 on inquiry card. 


SAFETY DOSIMETER PENS & 
TRANSISTORIZED CHARGER 


New lightweight dosimeter pens 
ranging from 200 mr to 100 r are 
direct-reading self-contained elec- 
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trometers designed especially for pro- 
tection of personnel. yeNew “Model 
44” charger utilizes maker’s unique 
high-efficiency encapsulated transis- 


Ais 24 


torized power supply; is more rugged 
than conventional chargers because 
there are no neon regulators or glass 
of any sort (except for flashlight 
bulb); weighs less than a pound.— 
Universal Atomics Corp., 143 E. 49th 
St., New York 17, N. Y. 


For more information circle 261 on inquiry card. 


RADIATION MONITOR 


New “Model 420A” (console type) 
and “Model 420B” (suitcase type 
illustrated) all-purpose laboratory 


radiation detection monitor is said to 
be ideal for use in detecting alpha, 
beta (including carbon 14 and sulphur 
35), and gamma radiation dosage, 
leakage, accidental spillage, and con- 
tamination. It can operate 24 hr a 
day, and can be set to sound an alarm 
and flash a light at a predetermined 
level of radioactivity. It operates 
from either 110 vac or from bat- 
teries; reads up to 50,000 cpm.— 
Universal Atomics Corp., 143 E. 49th 
St., New York 17, N. Y. 


For more information circle 262 on inquiry card. 


RADIOLOGICAL SURVEY METER 


New low-cost “Model 407” radiolog- 
ical survey meter for civilian defense 
units and laboratories with limited 





No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 

No valves, pistons, or vanes. 
Non-pulsating pressure. 
Original performance constant 


tt: 


You can dispense with oil filters and dust filters when 
you install °Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding over a long pump life. 
vanes, or other enemies of long life and constant perform- E 
ance complicate a Nash. No aftercoolers are needed. You Low maintenance cost. 
will find it profitable to investigate these pumps, now. STiMVINNINUUNUUUUTOULN.ILUNNLI. ie 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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NEW INSTRUMENTS 





LABORATORY EQUIPMENT 





budgets, for surveying radiation dos- 
age, leakage and contamination, indi- 
cates by pointer deflection, by flash- 
ing light and by earphone and, thanks 
to a high-gain transistorized circuit, 
is said to have greater efficiency than 
many more expensive instruments.— 
Universal Atomics Corp., 148 E. 49th 
St., New York 17, N. Y. 

For more information circle 263 on i 


HIGH VOLUME AIR SAMPLER 


New high volume air sampler unit 
was developed in labs of New York 
Office of AEC for sampling large 

i 

Sy 

8637 


measurements 
asphalts 
great 


with 
resistance 


VISCOMETER 


New “Hallikainen- 
Shell Sliding Plate Mi- 
croviscometer” was 
principally developed to 
measure viscosity of 
asphalt, but can also be 
used on resins, plastics, 
and other viscous mate- 
terials which will ad- 
here to the glass sam- 
ple plates. Among fea- 
tures: instrument can 
be used to measure 
asphalt durability or 
life expectancy as well 
as viscosity. Accurate 

permit selection of 

proper viscosity and 
to change.—Halli- 


kainen Instruments, 1341 Seventh St., 


For more ir a 


P Bb78 


volumes of air for particulate matter 
by means of a filter paper; has suc- 
cessfully sampled air containing par- 
ticles as small as one hundredth of a 
micron in diameter.—Staplex Co., Air 
Sampler Div., 777 Fifth Ave., Brook- 
lyn 32, N. Y. 

re information circle 264 on inquiry card. 


melting 
W.C. 


changeable 





MARSHALLTOWN 
DIAPHRAGM GAUGE 


For Accurate Pressure 
Measurement in 
Ounces or Inches 

of Water 


Marshalltown Figure 83 is an ex- 
tremely sensitive gauge that uses 
a carefully seasoned bronze dia- 
phragm to accurately measure 
very low pressures. It is used ex- 
tensively on many types of natu- 
ral gas installations for checking 
low pressures. 


Write for details and price. LOOK TO MARSHALLTOWN FOR 
ONE OF THE MOST COMPLETE LINES OF INDICATING PRES- 
SURE GAUGES MADE! 

Available in standard dials (readin in 

inches of water) 0-15"' -0-30" -0-60" -0-100" 

-0-160"" . . . also in ounce graduated dials 

from 15 ounces to 5 pounds. 2!/2", 3!/,"" and 

4/,"' dial sizes mounted in black enameled 

steel case. 


MARSHALLTOWN MANUFACTURING CO. 


MARSHALLTOWN 3, IOWA 


For more information circle 85 on inquiry card 
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Berkeley, Calif. 


n circle 265 on inquiry card. 


LAB VACUUM FURNACE 


New “VA-L200C” laboratory arc- 
vacuum 
Heraeus GmbH, Hanau, 
Germany) simulating conditions in a 
large production furnace features flex- 
ibility and easy operation; uses inter- 
consumable 
sumable electrodes; can handle high- 


(made by 
West 


furnace 


or non-con- 








melting-point metals and many metal- 
lic carbides and borides; can be oper- 
ated in either an inert atmosphere or 
in a vacuum down to 5 x 10-4 mm 
Hg; handles melts in “buttons” of a 
few ounces or ingots of several 
pounds; has two windows for observ- 
ing crucible. A screw-type feeding de- 
vice supplies crucible with sponge, 
powder, or granular material.—Con- 
solidated Electrodynamics Corp., 
Rochester Div., 1775 Mt. Read Blvd., 
Rochester 3, N. Y. 


For more information 


FLUORIMETER 


New “Midget Fluorimeter” permits 
quantitatively measuring fluorescence 
simply, rapidly, and economically. 
Among features: (1) Numerical rat- 
ing of fluorescence from 0 to 100; 
(2) luminosity filter to weight re- 


e 266 on inquiry card 





HEATING PROCESS? 


PROTECT 


MATERIAL and EQUIPMENT 


Automatically 


with 


® 


PYROTAC 


Not expensive... but a simple, automatic way to safeguard 
your investment in heating equipment and materials in 


process. 


The precision-built Pyrotac constantly indicates tempera- 


should break. 


Chicago 10, Ill. 





Cbnor 





For more information 


ture of the heated equipment and sounds an alarm and/or 
shuts down the equipment at a safe, preset temperature. May 
also be used as a controller on processes where shutdown is 
required upon reaching final process temperature—such as 
ceramic kilns, molds, etc. Automatic thermocouple break 
protection assures complete safety if couple or lead wire 


Write for Pyrotac bulletin. Attach this ad to your letter- 
head, send to: Alnor, Room 518, 420 No. LaSalle St., 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 


circle 86 on 


quiry card 





Model GLH 


A rugged magnetically damped in- 
strument with low natural frequen- 
cies for low range. High-quantity 
production assures good price an 
delivery schedules. Available in 
ranges from +1 G to £30 G. 


Model GMO 


A rugged, miniature, viscous-damped 
instrument with ranges from +2 G to 
+30 G. Unbalanced-range instru- 
ments also available. Medium high 
natural frequencies. 


Model DDL 


Magnetically damped low-range in- 
strument available in ranges from + 1 
G to +30 G. Ultra-sensitive models 
supplied as low as +0.1 G. Certified 
to MIL-E-5400 and MIL-E-5272A. 
Especially good in severe shock and 
vibration applications. An accelera- 
tion-sensitive switch version of the 


DDL is designated as the Model DDS. 


Model GMT 


Basically a Model GMO with internal 
thermostat-operated heater, assuring 
maximum environmental stability 
within the instrument. Damping re- 
mains constant with change in ambient 
temperature. 


Model GAL 


Incorporates a variable transformer 
a-c output with the magnetically 
damped sensory mechanism of the 
proven Models DDL and GLH. 
Superior reliability, life, resolution, 
and sensitivity. Available in ranges 
from +1 G to +30 G. Range as low 
as +0.1 G also obtainable. 


Model GDM 


Miniature double-potentiometer in- 
strument capable of sensing lateral 
acceleration in two mutually perpen- 
dicular planes (e.g., pitch and yaw). 
Ideally suited for missile and high- 
speed aircraft flight control systems. 


NEW! GENISCO ACCELEROMETERS NOW 
GOLD PLATED FOR GREATER RELIABILITY 


CASES GOLD PLATED INSIDE AND OUT— This new trend 
in instrument plating has two important advantages 
over tin plating or fusing. Being the least active metal, 
gold prevents the formation of crystalline “whiskers” 
inside the case which could reduce performance and 
even cause malfunction. Gold plating also assures posi- 
tive protection against corrosion to the exterior of the 


case and, because of its excellent solderability, makes 
possible a more reliable hermetic seal. The new gold 
plating is available on all models at no extra cost. 


2233 Federal Avenue 
Los Angeles 64, California 


Descriptive data sheets available on all models. 
Please send request on company letterhead. 
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How To Get Things Done 
Better And Faster 


piterrert 
ote 


pa] 
sceeeee 


BOARDMASTER VISUAL CONTROL 


vv Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

yy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

sv Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

yy Made of Metal Compact and Attractive. 
Over 100,000 in Use. 


Full price $4Q>O ith cards 





FREE 24-PAGE BOOKLET NO. AU-10 
Without Obligation 











Write for Your Copy Today 


GRAPHIC SYSTEMS 


55 West 42nd St. @ New York 36, N. Y. 


NEW INSTRUMENTS 
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INDICATING and 
RECORDING TACHOMETER 





Type No. 317 


To facilitate the tracing and check- 
ing of production, Amthor Recording 
Tachometers provide a permanent 
and complete production report each 
day. 

They record Speed and Rate of 
Production—Changes in Speed— 
Starting and Stopping Times—All 
Slowdowns and Non-Productive Peri- 
ods, in r.p.m., or f.p.m., gallons p.m., 
cans p.m., paper per hour, etc. . 

Ask for literature 


AMTHOR 
TESTING INSTRUMENT 
CoO., Inc. 





45 Van Sinderen Ave., Brooklyn 7, N. Y. 
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flectance to correspond to C. I. E. 
Standard Observer; (3) special filter 
to prevent invisible ultra-violet radia- 
tion from lamp or sample from af- 
fecting reading; (4) two exposure 
apertures for samples 34%” x 2%” 
and 3” x 6”; glass plate for placing 
on top of exposure head when making 
measurements of dry powders, liquids 
in cells, or textiles; (5) reproducibili- 
ty 2%.—Gardner Laboratory, Inc., 
P.O. Box 5728, Bethesda 14, Md. 
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FLUORIMETER 


New “Model FL-210 Fluorimeter,” 
for quantitative analysis of uranium 
minerals, and for uranium determina- 


tions in geobotanical, hydrogeochem- 
ical and geochemical prospecting, 
works over a wide range of ambient 
temperatures and input voltages and 
thus is suitable for both field and 
lab use. Reading in micrograms of 
uranium is obtained direct from a 
large ten-turn dial.—Mt. Sopris In- 
strument Corp., 1320 Pearl Street, 
Boulder, Colorado. 
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HOT-PLATE & MAGNETIC- 
STIRRER COMBINATION 


New “Thermix” combination 700- 
watt heater and magnetic stirrer cuts 
hours from a host of routine stirring 


a 


mixing and dissolving operations. Hot- 
plate and stirrer can operate inde- 
pendently or simultaneously. A con- 
tinuously-variable (not on-off) bime- 
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tallic thermostat directly controls top- 
plate temperature, eliminating pos- 
sibility of excessive temperature over- 
shoot. A continuously-variable control 
regulates stirrer speed up to 900 rpm 
under load. Glass-covered and Teflon- 
covered stirring magnets.—Fisher 
Scientific 461 Fisher Building, Pitts- 
burgh 19, Penna. 
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UNIVERSAL PHOTOMETER 


New “PH-200 Universal Photo-mul- 
tiplier Photometer,” said to be “the 
first photometer capable of utilizing 


the maximum performance character- 
istics of any commercially-available 
photomultiplier or phototube,” incor- 
porates a highly-regulated electronic 
power supply; is completely self-con- 
tained and portable; features separ- 
ate zero and dark-current adjust- 
ments as well as both decade and con- 
tinuously variable sensitivity controls, 
also provision for ’scope and recorder 
readout; comes ready for use with 
type 931-A photomultiplier tube oth- 
ers available on special order.—El 
Dorado Electronics Co., 1401 Middle 
Harbor Rd., Oakland 20, Calif. 
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LAB VACUUM UNIT FOR 
COATING AND DEGASSING 


New “Type LC1-14A” vacuum sys- 
tem for lab, pilot plant, and limited 
production use, was designed primar- 
ily for lab coating of various mate- 
rials with vaporized metals; unit is 
also useful for degassing liquids, crys- 





Creative Engineers: 


Work where imaginative 


engineering becomes intelligent 
hardware...in quantity! 


It takes a special kind of scientific 
imagination and engineering freedom 
to develop and design intricate auto- 
matic systems for inertial guidance, 
flight control, armament control and 
data processing. At AUTONETICS, your 
opportunity to be creative in these 
fields is practically unlimited—because 
you know your ideas can be brought 
to life on the production line. 


LABORATORY PERFECTION 

COMES TO THE ASSEMBLY LINE 
To build just one of these electro- 
mechanical brains or muscles is a tech- 
nological triumph. But today—with 
facilities and standards of precision 
that rival those of an operating room 
—AUTONETICS is delivering these 
advanced and reliable systems at a 
quantity-production pace. 


TOOLS AND TECHNIQUES TO 
IMPLEMENT YOUR IDEAS 
AUTONETICS’ precision machine shops 
are capable of millionths of an inch 
precision in either developmental or 
volume quantities. Electronics capabil- 
ity includes micro-miniaturized com- 
ponents, complete computers and 


transistorized circuits. AUTONETICS’ 
new, modern facilities include an Auto- 
navigation Building which provides 
the precisely controlled environment 
for large-scale development and manu- 
facture of advanced inertial guidance 
systems. Extensive production and 
development test equipment includes 
automatic electronic check-out systems 
and the latest environmental equip- 
ment...as unique as the electro- 
mechanical controls they evaluate. 


ARE THESE THINGS 
IMPORTANT TO YOU? 


Do you need the engineering freedom 
that this kind of production capability 
creates? Youcan have it at AUTONETICS 
—one of the few companies in the 
world that can design and quantity- 
produce complete automatic control 
systems for both military and industry. 


Let us KNOW what kind of creative 
engineering interests you (please 
include highlights of your education 
and experience). 

Write today to: Mr. W. D. Benning, 
Engineering Personnel, Dept. 991-2-I1A 
Avutonetics, Box AN. Bellflower, Calif. 


THREE AUTONETICS ENGINEERS ON THEIR WAY UP 


In just 6 years, Elliott Buxton 
has risen from Servo Research 
Analyst to Group Leader respon- 
sible for Preliminary Engineer- 
ing in Autonetics’ Flight Control 
Program. Among his other pro- 
fessional achievements, ‘*Buck’’ 
has several patents filed in his 
name — including an aircraft 
maneuver stabilizer and a load- 
factor anticipation switch. 


Ronald Greenslade (BSEE Michi- 
gan) is Group Leader in charge 
of development and design of 
electro-mechanical components 
for aircraft armament control 
systems at Autonetics. From 
Southern California’s many fine 
residential communities, Ronald 
chose Long Beach, where he 
lives with his wife and two 
young daughters. 


Dave Kimball joined Autonetics 
in 1950 with a BSEE from the 
University of New Mexico. Only 
29, he is already Group Leader 
in the challenging field of Iner- 
tial Guidance Engineering 
Dave lives with his wife and two 
children in nearby Fullerton 
California —an ideal center for 
his favorite diversions: softball, 
bowling and skin-diving. 


Autonetics A) 


A Division of North American Aviation, Inc. 


AUTOMATIC CONTROLS MAN HAS NEVER BUILT BEFORE 
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OFFNER 


DYNOGRAP 


Type MR Rack Mounted 


DIRECT WRITING OSCILLOGRAPH 


unequalled for versatility and performance! 


- rectilinear recording 
. curvilinear recording 
.- heat sensitive recording 
-- electric recording 
.- ink recording 
. 15/uv/mm d-c sensitivity 
- zero drift 


IN A SINGLE 
RECORDER! 


Write for 12 page, 2 color catalog— 
gives details and specifications. 


OFFNER 
ELECTRONICS 


5326 N. KEDZIE AVE. * CHICAGO 25, ILL. 
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NEW INSTRUMENTS 


tal pulling and growing, melting small 
metal samples, and degassing vacuum- 
tube electrodes; it features a high-ca- 
pacity pumping system which reduc- 





es pumping time, and a complete line 
of standard accessories.—Consolidated 
Electrodynamics Corp., Rochester 
Div., 1775 Mt. Read Blvd., Rochester 
5. IN 
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ELECTRICAL TESTING 





UNIVERSAL RELAY TESTER 


New “Universal Relay Tester” will 
check relays for pull-in and drop-out 
voltage and current requirements, 


contact operation and insulation con- 
dition by hi-potting. All tests are ac- 
complished by simple operation of a 
few switches and controls. Relay con- 
ditions are shown by indicator lights. 
—Magnavox Co., Dept. NP, Fort 
Wayne 4, Indiana. 
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WIDE-BAND OSCILLATOR 


New “Model 1141 Power Oscillator” 
has high output: over 40 watts from 
200 to 400 Mc; 25 w from 400 to 1000 
Me and 10 w from 1000 to 2500 Me. 
Frequency range is covered in two 
overlapping bands: 200-1050 and 950- 
2500 Me. Calibration accuracy is 1% 
or 5 Mec, whichever is greater; re- 


settability is better than 0.1%. Oscil- 


New “Model 815 1000-Specimen 
Capacity Automatically Recording 
Life Test Set” permits fast, accurate 
mass life testing of vacuum tubes, 
transistors, ete; is highly flexible; 
will perform simultaneously many 
different types of tests on various dif- 
ferent types of components, with (1) 
automatic digital readout of operating 
current data about all specimens 
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lator provides square-wave or sine- 
wave modulation from built-in 400- 
eps and 1000-cps sources; allows 
modulation at other frequencies from 
a suitable external source. Modulation 
level and rf output level are adjust- 
able over wide ranges.—The W. L. 
Maxson Corp., 47-37 Austell Place, 
Long Island City 1, N. Y. 

le 273 on inquiry card. 


For more information circ 


INSTRUMENT CALIBRATOR 


New improved “Model M100A-20 
Meter Calibrator” provides de from 
0 to 1000 at 0 to 200 ma with 0.01% 


being tested, in sequence, and at pre- 
determined times, in both visual and 
typewritten form; and (2) manually- 
commanded digital readout about any 
specimen at any time, in both visual 
and typewritten form. Minimum in- 
stallation: 200-specimen system.— 
Systems Development, Inc., 307 Water 
St., Binghamton, N. Y. 


For more information circle 274 on inquiry card. 





ELECTRONIC SLIDE RULE ILLUSTRATES 
SUPERIORITY OF BORG MICROPOTS 





LOADING ERROR 
SOLVED BY BORG 


Loading error, an important considera- 
tion in many potentiometer applications, 
has been solved by Borg. 


LOADING ERROR DEFINED 


Loading error is caused by current flow 
through the contact arm to a finite value 
of resistance (RL) connected to the output 
terminals of the pot. Ratio of total re- 
sistance of the pot to the load resistance 
determines the linearity error caused by 
the load. (Fig. 2). 
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Fig. 1— Electronic slide rule for multiplication (A) 
and for squares and square roots (B). 


THE ELECTRONIC 
SLIDE RULE 


Electronic slide rule. (Fig. 1) was designed 
to illustrate this correction method in an 
actual application. It is not possible with- 
out two features found only in Borg’s 
900 Series, accurate load correction over 
the entire range of 0 to 100%, in pot A, 
and absolute linearity on all. pots. The 
ganged assembly of pots A and B shown 
in (B) phased over entire range, illus- 
trates another valuable feature of the Borg 
900 Series Micropot Potentiometer. | 
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Fig. 2—Series resistance adjustment to minimize 


loading error. 


PARTIAL REMEDIES 


Fig. 2 shows a restriction of the usable 
portion of the pot to the relatively flat 
portion of the curve. This requires trim- 
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Fig. 3—Preloading to minimize loading error. 


ming resistors and at best makes use of 
less than 24 of the total rotation. 
Another method is to tap the resistance 


BORG EQUIPMENT DIVISION 
THE GEORGE W. BORG CORPORATION 


: 
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wire at the point of maximum load error 
and make straight line approximations 
by use of a padding resistor (RP), Fig. 3. 
Load error is not entirely eliminated and 
the cost of the tap, selection and installa- 
tion of the trimmer, is substantial. 


THE BORG METHOD 


The Borg method of eliminating load 
error is made possible by the design of 
the Borg 900 Series Micropot. Loading 
error correction is built into the potenti- 
ometer by means of an integral nonlinear 
actuator contact drive. It is computed to 
introduce motion equal in magnitude and 
Opposite in sign to the error of a given 
load ratio. (Fig. 4). 

This method provides accurate load cor- 
rection over the entire range of 0 to 100% 
without trimming or tapping. Dual cor- 
rection can be made when the application 
requires positive and negative values from 
a center tap. 





LOADED 
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ar 





OUTPUT VOLTAGE -» 82 
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Fig. 4— Compensated drive to offset loading error, 
100:1 ratio. 








. BORG 900 SERIES 


MICROPOTS ACHIEVE 
OPTIMUM PERFORMANCE 


Borg has designed the 900 Series to 
achieve optimum electrical and mechanical 
performance and to meet the most severe 
environmental conditions while present- 
ing to the equipment designer a highly flex- 
ible unit to fill a vast range of applications. 


Write for complete engineering data 
Catalog BED-A56 
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FOR THE LATEST IN 
MARKING & APPLICATION 


QUALITY CONTROL 
PRECISION 
ENGINEERING SERVICE 
RESEARCH 


“DUPLICAN" 
The Photo Contact Process 
For Marking Dials, Panels, 
Curved, Convex, Concave, 
Irregular Surfaces. 


ROLLER SCREENING 
A New Approach To 
Marking Of Counter 
Wheels, Drums and 
Spheres. 


DIALS, POINTERS & SPECIAL APPLICA- 
TIONS TO ALL GOVERNMENT SPECIFICA- 
TIONS 


Canadian Radium & Uranium Corp. 
Executive Offices 
630 Fifth Avenue, New York 20, N. Y. 
An American Company 
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FREED 
MIL-T-27A POWER & 
PULSE TRANSFORMERS 


FOR IMMEDIATE DELIVERY FROM STOCK 
20 : DA OR 
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ALSO AVAILABLE — Military Standard Filament 
and Audio Transformers. 

Send for NEW 48 page transformer catalog. Also 
ask for complete laboratory test instrument 
catalog. 


FREED TRANSFORMER (0., INC. 
1707 Weirfield St., Brooklyn (Ridgewood) 27, N.Y. 


For more information circle 94 on inquiry card. 


Page 324—Instruments & Automation—Vol. 30 





NEW INSTRUMENTS 





long-time stability, 0.01% line and 
load regulation, 0.2 ms response time, 
0.05% calibration tolerance, less than 
2 mv hum and noise, and less than 
0.01 ohm output impedance. High 
gain chopper amplifiers constantly 
compare output voltage with an inter- 
nal standard cell. Direct-reading cali- 
brated dials permit instant selection 
of desired output voltage. Outputs are 
provided for both regulated voltage 
and current.—Kay Lab, 5725 Kearny 
Villa Road, San Diego 11, Calif. 
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VHF-UHF SWEEP GENERATOR 


New “Model SG-132” combines all 
essential features of a standard CW 
and AM signal generator and a wide 
band sweep generator of unusual 
characteristics; offers wide sweep 
width: 40% of center frequency, from 
15 to 400 Mc, with dial accuracy 


0.01%, crystal corrected. Output (en- 
tirely fundamental, not beat-frequen- 
cy oscillators) is calibrated from 0.1 
to 150,000 uv throughout frequency 
range. Unusual feature is constancy 
of this output which varies less than 
0.2 db over entire range.—Transi- 
tron, Inc., 186 Granite St., Manches- 
ter, N. H. 
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INSULATION TESTER 


New “P-1” tester counts insulation 
faults (pinholes) in insulated wire at 
speeds up to 600 fpm for continuous 


production use. For use as an insula- 
tion continuity tester, it features con- 
tinuous display of total number of 
pinholes; audible alarm; continuously 
adjustable voltage control and panel 
setting for single or multiple coated 
wire; small moistened sponge elec- 
trode (uses tap water, not mercury) ; 
small test current (10 amp) will not 
mar finest wire and will detect 
through 10 megohms.—Peschel Elec- 
tronics Inc., 9 Garden St., New Ro- 
chelle, N. Y. 
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ELECTRICAL & ELECTRONIC INSTRUMENTS 





DIGITAL VOLT-OHMMETER 


New low-cost “Digital Multimeter” 
measures volts and ohms with 0.5% 
absolute accuracy (0.1% accuracy 


when using external standards). 
Ranges: 0.01 to 1000 v ac or de, and 
10 ohms to 10 megohms; on ac meas- 
urements up to 100 ke with standard 
probe and up to 150 Me with an ac- 
cessory probe. In measuring either 
voltage or resistance, any 8 ranges, 
each with a sensitivity of 0.1% can 
be selected manually. Reading rate 


(20 per second) permits monitoring 
rapidly-varying voltages without pm- 
me phase lag.—Franklin Electronics 
Inc., Dept. 210, East 4th St., Bridge- 
port, Pa. 
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FREQUENCY METERS 


New “E.I.C.” frequency meters 
(made in Scotland) are direct-indi- 
cating, can be made for any fre- 
quency from 40 to 10,000 cps; are 
available for any input voltage be- 
tween 80 and 500; can be made with 
a maximum frequency range of +20% 





only the 
HIGHEST QUALITY 


is good enough... BO cs 


es: een 


6” Concentric Temperature Indicator 
(Dial Thermometer) by The Foxboro Company 


; STAINLESS STEEL 
CAPILLARY, MECHANICAL, 
HYPODERMIC AND 
AIRCRAFT TUBING 

(.008” to 1.000” O.D.) 


NICKEL AND NICKEL ALLOY TUBING 
(up .to..625” .O.D.) 


Flanged, Flared, Milled 
Slotted, Swaged, Threaded 


BISHOP quality small diameter tubing. 
When you next require quality components of 


Yes, only the highest quality stainless steel 
capillary tubing is good enough to contribute to 


the accurate, continuous and superior perform- 
ance of this Foxboro Dial Thermometer. 

Visible, cut away from the sheathing, is BISHOP 
#316 seamless capillary tubing with a .062” OD 
and .011” ID. One of many examples where 
today's Instrument Manufacturers depend on 


@) 


Stainless Steel Products Division * Malvern, Pennsylvania 


small diameter tubing, turn to BISHOP for the 
highest quality available. 

Research, Engineering and Development serv- 
ices available. 


Catalog and Prompt Quotations on Request 


J. BISHOP & CO. Platinum Works 


Established 1842 
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MACHINE-DIVIDED SCALES 


Made with latest 
SIP Swiss Automatic Dividing Machines 


puuepeeeepennny 
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\\ 
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LINEAR 


Accuracy to +5 microns(0.0002” ) 


Any scale pattern—Any line width— 
Any material 


CIRCULAR 


Accuracy to +5 seconds 


FINE MACHINE ENGRAVING 
Scales, Dials, Drums, Rods, Panels 


ACCURATELY ETCHED RETICLES 


Made to any specified pattern 
and dimensions 





PROMPT DELIVERY 


on large or small quantities. 





L. C. RENICK CO. 
3820 So. 59th Court, Cicero 50, Illinois 











on circle 99 on ing 


SWISS 


precision-machined 
instrument parts 


made to exacting standards. 
Your order for similar high 
accuracy parts—in pre-pro- 
duction or production quan- 
tities—will be given our 
immediate attention. Further 
information is available on 


request. 


W. H. SACKMAN COMPANY, INC. 
P.O. BOX 546 + POTTSTOWN, PA. 
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NEW INSTRUMENTS 





from any specified center frequency. 
Owing to design of network with two 
twin “T” bridges, all harmonics can- 
cel and indication is more independent 
of wave-form than that of any other 
pointer-type frequency meter.—Gary 
Wells Co., 3 Park Row, New York 38, 
N.Y. 


For more information 


LINEAR-SCALE AMMETERS 


New ammeters with evenly-gradu- 
ated scales have passed qualification 
tests: extreme vibration, shock, mois- 
ture, salt spray and fungus over a 
wide range of operational conditions, 
from sea level to 50,000 ft, from 
—55°C to 71°C. Standard range 0-115 
amp. Standard model is designed for 
use on a 200/115-v 3-phase 400-cps 


circle 279 on inquiry card. 


system; special models can be sup- 
plied for other applications. Each 
ammeter is supplied with a 5-ma rat- 


ing transformer using as its primary 
a generator-output bus bar or other 
current conductor. Transformer can 
be located 150 ft or more from am- 
meter without any noticeable effect on 
accuracy.—Beckman/Helipot Corp., 
Newport Beach, Calif. 
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ELECTRICAL-INSTRUMENT ACCESSORIES 





TWO-GUN CR TUBES 


New rectangular-faced two-gun 
cathode ray tubes with high electro- 
static deflection sensitivity feature in- 


dependently-controlled guns; employ 
post acceleration, electrostatic focus, 
and long-persistence orange phosphor. 
Two types: “7ALP19” with a phos- 
phor that eliminates initial blue flash 
of P7 often used in radar indicators; 
and “7ALP25” with a burn-resistant 
phosphor of longer persistence than 
P19.—General Electric Co., Schenec- 
tady 5, N. Y. 
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VIBRATION-STUDY FILTER 


New “Model 1065 Continuously 
Variable Filter,” designed for use with 
maker’s Vibration Analyzers, pro- 
vides facility for analyzing vibration 
at all frequencies from 5 to 5000 eps. 
By tuning filter to desired frequency 
or by scanning vibration frequency 
spectrum, mechanical trouble reflected 
as vibration can be quickly spotted 
without costly dismantling. For cor- 
recting, portable analyzer and filter 
combination is used for “in-place” bal- 
ancing. Band-width throughout range 
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is about +5% of nominal frequency 
to 3-db down points. This extraordi- 
nary sharpness is advantageous for 
pin-pointing various frequency compo- 


nents present in a complex vibration. 
—International Research & Develop- 
ment Corp., 797 Thomas Lane, Colum- 
bus, Ohio. 
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MOTOR DRIVES FOR 
AUTOTRANSFORMERS 


New motor drives in a wide variety 
of speeds, suitable for servo work as 
well as for remote-positioning appli- 


8633 


cations, are offered for recently an- 
nounced “W2” and “W5” models of 
maker’s “Variac” autotransformers. 
Ganged “Variacs” as well as single 
units. can be supplied with motor 
drives in open or completely enclosed 





Trimount 


MANOMETERS 


for every purpose—a mounting for 
every installation 


Well Type 

Single and Multiple Tube 
Tube 

Absolute Pressure 

Micro Manometers 

Inclined Manometer 

Draft Gauges 

Indicating Flow Meters 

Liquid Level Gauges 

Electronic Level Control 


Write for New Illustrated 
Bulletin X 





_ °STURDY 
© ACCURATE 
*EASY READING 


3119 WEST LAKE STREET » CHICAGO 12, ILLINOIS 
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\S 
DATATRON Os 


‘a 
IGITAL COM PUTER 
ELECTRONIC D ‘ 
eo 
' he QQ0 


Advance- 
ment based on your individual contri- 
p Salary is offered to 


.. the fastest growing 
puter 


Engineers and 
Mathematicians: 


Professional Responsibility, 


butions, and To 
you at ElectroData. | 
manufacturer in the Digital Com 
field. Enjoy suburban living in Pasadena, 
California; ultra-modern plant facilities 
ina non-industrial area. 


y r inquiry will be held in strict con dence. 
Write today. You 


ElectroData 


OF BURROUGHS 
A MADRE VILLA 
CALIFORNIA 


DIVISION 
460 N. SIERR 
PASADENA, 














THE ENGINEERED 

















ARIDIFIER = 


OUTLET 
SUPER-CLEANS, SUPER-DRIES 
COMPRESSED AIR AND GAS 


Engineered to your compressed air or 
gas line, the ARIDIFIER stops 92% of 
dirt, oil, scale and water in the air stream. 
Multi-bladed rotors whirling in opposite 
directions pick off water and sludge, dash 
them against vertical walls, from where 
they drop by gravity into a drain trap. 
Free of these impurities, air or gas comes 
out of the ARIDIFIER super-cleaned, and 
super-dried. Air tools, spray guns, hoists, 
sand blasters, etc. perform as they should, 
and last far longer. 

Learn how the engineered-to-your-line 
ARIDIFIER can solve your problem and 
save you trouble and money. Write for the 
Aridifier catalog. 


INLET T DRAIN 


Exploded view 
showing ARIDIFIER 
peration. Capacities, 


° 
ENGINEERING CO. 7 to !7,000C.F.M 
4921 West Lawrence Avenue, Chicago 30, Ill. 


For more information circle 102 on inquiry card. 











Lay 


A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6-3368 — 3369 


A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM GERMANIUM 
ALUMINA INDIUM ANTIMONITE 
ALUMINUM INDOX 
ANTHRACENE MELAMINE FIBER GLASS 
ARSENIC TRISULPHIDE MICA, SYNTHETIC 
BARIUM TITINATE POTASSIUM BROMIDE 
BISMUTH *PYREX 
BRASS *QUARTZ, CRYSTAL 
CARBORUNDUM *QUARTZ, FUSED 
CERAMIC **SAPPHIRE 
COPPER **SODIUM CHLORIDE 
*CORNING 707 **STEEL 

*CORNING 7052 STRONTIUM TITINATE 
FERRITE TITANIUM DIOXIDE 
FERROX *VYCOR 

**FLUORIDE, CALCIUM *X-RAY LEAD GLASS 

**FLUORIDE, LITHIUM ALL TYPES KNOWN 

GLASS 
*Carried in stock 


**Purchased for orders 
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DTN ERS play 4 


BUILDS JOB INTEREST 
at BELL 


Bell’s activities are widely diversified —experimental and vertical 
rising aircraft, rockets and rocket engines, missiles and guidance sys- 
tems, electronics, servomechanisms and nucleonics to name only a 
few. Such diversity means broad fields of interest for engineers and 
technical personnel—insurance against boredom and assignments too 
limited in scope to let you go as fast and as far as you are capable. 

Bell is progressing, growing and expanding. There are openings 
at all levels and in all fields as listed at the right. If you are look- 
ing for a move that offers every opportunity 
for a permanent career with professional 
growth and recognition and capable, congenial 
associates, contact Bell. 

Write: Manager, Engineering Personnel, 

Dept. J, BELL AIRCRAFT CORPORATION, P. O. Box One, 
Buffalo 5, New York. 
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Aerodynamicists 

Aeronautical Engineers 
Automatic Control Designers 
Chemical Engineers 
Combustion Research Engineers 
Communications Engineers 
Design Checkers 

Development Engineers 
Digital Computer Development Engrs. 
Dynamic Engineers 

Electronic Engineers 

Electronic Standards Engineers 
Engineering Computers 
Environmental Specialists 
Field Test Engineers 

Flight Test Engineers 

Flight Test Programmers 

Fuel Injection Specialists 

Gear Designers 

Guidance Engineers 

Gyro Specialists 

Heat Transfer Engineers 
Hydraulic Engineers 

IBM Programmers 
Instrumentation Specialists 
Laboratory Test Engineers 
Magnetic Amplifier Specialists 
Mathematical Analysts 
Mechanical Engineers 
Microwave Engineers 
Miniturization Engineers 


Operations Analysts 
Physicists 

Power Plant Designers 
Pressure Vessel Designers 
Project Engineers 

Publication Engineers 

Radar Systems Engineers 
Rocket Test Engineers 

Servo Systems Engineers 
Servo Valve Engineers 
Statisticians 

Stress Engineers 

Structures Engineers 
Specification Writers 

Technical Writers 

Test Equipment Engineers 
Transformer Design Specialists 
Transistor Application Engineers 
Thermodynamic Engineers 
Telemetering Engineers 
Turbine Pump Designers 
Vibration & Flutter Analysts 
Weapons Systems Engineers 
Wave Guide Development Engineers 
Weights Engineers 
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mountings. Full-scale traverse rates 
of 4, 8, 16, 32, or 64 sec are available 
on all “Variac” models, and a drive 
with a 2-sec traverse can be had on 
“W2,” “W2G2,” or “W5.”—General 
Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 


For more information circle 283 on inquiry card. 


AMPLIFIERS 
MAGNETIC AMPLIFIER 


New ‘‘Model 

D-4 Blue Line 

Premium Ampli- 

fier” is designed 

to deliver 4 watts 

half-wave 400 eps 

to BuOrd MK14 

servomotor or 

equivalent. Fea- 

tures: silicon di- 

odes, heavy form- 

var magnetic 

wire, control 

windings for both transistor and vac- 

uum-tube preamplifiers. Voltage gain 

(tube) 4; response one cycle or less 

of supply frequency; temperature 

range —65°C to 125°C.—Feedback 

Controls, Inc., 899 Main St., Waltham 
54, Mass. 


For more information circle 284 on inquiry card. 


SERVO AMPLIFIERS 


New complete line of servo ampli- 
fiers, for 60- and 400-cps servomotors 
from 1 to 50 watts, features universal 





characteristics and flexible input cir- 
cuits. Circuit techniques range from 
vacuum tube to transistor-magnetic. 
Four packaging styles include hermet- 
ic sealing, and plug-in quick-discon- 
nect packages. Most amplifiers oper- 
ate directly from power lines.—/ndus- 
trial Control Co., Wyandanch, L. I., 
N.Y. 


For more information circle 285 on inquiry card. 


POWER SUPPLIES, etc. 


H-V POWER SUPPLY 


New “Model 4K-100B,” for use with 
high-voltage tubes, klystrons, photo- 
multipliers, etc., delivers 400 to 4000 
vde, continuously variable without 
switching, 0 to 100 ma. Regulation 
for output voltage range of 2000 to 
4000 vde is 0.1% NL to FL; below 





2000 vde, 0.25% NL to FL. For line 
voltage of 115 vac +8%, change in 
output voltage from 2000 to 4000 vde 
is 0.15%, below 2000 vde, 0.3%. Rip- 
ple and internal noise are below 5 mv 
rms for any voltage or load within 
rating.—Dressen-Barnes Corp., 250 
N. Vinedo Ave., Pasadena, Calif. 


For more information circle 286 on inquiry card. 


AIRBORNE POWER SUPPLY 


New “MRP 22.1” line-transient-free 
short-circuit-proof airborne power 
supply provides 22.5 vde, 0-100 ma, 


for various telemetering and instru- 
mentation applications; operates from 
95-135-v 380-420-cps aircraft main; 
drives from 10 to 12 of maker’s 
“MMO-522” amplifiers. Line-transi- 
ent-free performance is provided by 
maker’s exclusive dual magnetic regu- 
lation.— Magnetic Research Corp., 202 
Center St., El Segundo, Calif. 


For more information circle 287 on inquiry card. 


KLYSTRON POWER SUPPLY 


New “Model PC 51,” for klystrons 
with bombarded cathodes, provides 
0-3 kvde at 0.9 amp with less than 





SEQUENTIAL 
ANNUNCIATORS 


WMO TM You! 


Scam sequential annunciator systems 
provide an audible and flashing visual 
signal on the first alarm to enable the 
operator of your control board to de- 
termine which point in the monitored 
process first becomes abnormal . . « 
successive alarms that develop from 
the original abnormal condition are in- 
dicated by a steady visual signal. You 
can take proper corrective measures 
immediately because you know where 
the trouble started. 


Shown here is a typical standard- 
ardized Scam DE-LINE cabinet fea- 
turing all the Scam advantages in- 
cluding simple, compact plug-in 
design. Integral flasher and reset 
push button can be provided. 

If you've a process or system that needs. 
automatic, fail-safe, low cost monitor- 
ing write us for literature or call the 
nearest representative in the cities 
listed below. 


_THE 


INSTRUMENT CORP. 
Chicago 13, Illinois 
Phone GRaceland 7-7850 


SALES REPRESENTATIVES: 
Atlanta « Boston ¢ Buffalo * Chicago 
Cincinnati ¢ Cleveland * Dallas « Detroit 
Houston © Indianapolis * Kansas City 
Los Angeles ¢ Louisville * New York 
Philadelphia ¢ Pittsburgh ¢* Portland 
St. Louis ¢ San Francisco ¢ Seattle * Tulsa 

Toronto and Vancouver, Canada 


For more information circle 98 on inquiry card. 
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0.5% ripple, 0-20 vac at 60 amp and 
0-750 vde at 20 ma.—Levinthal Elec- 
tronic Products, Inc., 905 Stanford 
Industrial Park, Palo Alto, Calif. 


For more information circle 288 on inquiry card. 


REGULATED POWER SUPPLY 
New “Model 2621” regulated and 
filtered power supply, for use with 
maker’s acceleration, vibration, pres- 


8542 


sure and force measuring systems, 
satisfies single-channel instrumenta- 
tion needs with capacity for expan- 
sion; provides 1% regulated B+ volt- 
age between 100 and 180 vde and fila- 
ment voltage of 6 vde with extremely 
low ripple—Endevco Corp., 161 E. 
California St., Pasadena, Calif. 

For more information circle 289 


DUAL-RANGE POWER SUPPLY 


New “Model KM95B” has a contin- 
uous duty rating of either 0-32 vde at 
40 amp or 0-64 vde at 20 amp. Ripple 


8574 

is held to within 1% of average dc at 
maximum output. Unit operates on 
either 115 or 230 vac 60-cps single- 
phase. To prevent accidental switch- 
ing, line voltage selector is equipped 
with a special safety locking device. 
Bench cabinet or rack mounting.— 
Opad Electric Co., 69 Murray St., 
New York he N. ¥. 

For more informatior rcle 290 on inquiry card. 


RECTIFIERS 





FLAT SELENIUM RECTIFIER 


New flat selenium rectifiers, 
smaller and lighter than comparable 
stack assemblies but providing equal 
or more power, are made by Siemens 
(West Germany). Utilizing heat sink 





principle, they are mounted directly 
on chassis which draws off heat, can 
be tucked away in a corner of in- 
strument, receiver, etc., without hav- 
ing to allow for air to circulate among 
plates. Available in half-wave and 
bridge, in a variety of sizes.—Radio 
Receptor Co., Ine., Semiconductor 
Div., 240 Wythe Ave., Brooklyn, N. Y. 


For more information circle 291 on inquiry card. 


FIXED RESISTORS 
FILM RESISTORS 


Two new models in maker’s line of 
“Vamistors” (thermally fused metal 
film resistors) make available numer- 
ous 0.5-watt and 1-watt units with 
resistance values from 1000 to 100,000 
ohms. Special resistance alloy used 











y Front 


For further 


i Me 





view and internal 
mechanism of Type 917 RR 
pressure gauge with 
stainless 
movement and socket. 


For extra safety in the presence of corrosive acids 
or fumes Weksler now makes available a com- 
plete line of STAINLESS STEEL Gauges in four 
standard sizes — Type 916 RR with stainless steel 
bourdon and alloy steel socket, or Type 917 RR 
with all stainless steel bourdon and socket. 


information about these and 
other DIAL INDICATING AND RECORDING 
PRESSURE AND VACUUM GAUGES send for 
our completely revised Catalogue No. 525A. 


steel bourdon, 











your Guarantee )WEKSLER 


INSTRUMENTS 


WEKSLER THERMOMETER CORP. 


195 E. MERRICK ROAD, FREEPORT, L. I., N. Y. 


For more information circle 90 on inquiry card. 


Vol. 30 


Page 330—Instruments & Automation 


OF SATISFACTION 


Leading source 
for DESIGN and 
SUPPLY of quality 
jewel bearings. 


VEE TYPE—the most adapt- 
able bearing for general 
use; — designed to take 
both radial and thrust load 
with minimum friction. 
Mounted or unmounted in di- 
ameters from .040” to.100” 
and radii .002” and up. 


RING TYPE—for radial load 
or use as fluid orifices. By 
adding bombe face can be 
adopted to take light inter- 
mittent end thrust in addi- 
tion to radial thrust. Hole 
diameters from .003” to.125”. 


Send us your specific jewel bearing problem for analysis by 
our engineering staff —no charge, of course. Write also for 
brochure of A. M. Gatti Sapphire Products. 


<\\VLL/ 


Le 








~aorele m at ic “Precision Sapphire Products 
wd “Precision Sapphire Pr 
7 — ] inc. Miniature Sub-Assemblies”’ 


Main Office and Factories—526 Tindall Ave., Trenton, N. J. 
Manufacturing Subsidiary—Guayama, Puerto Rico 


For more information circle 91 on inquiry card. 





in “Vamistor” is fused into inner 


surface of moisture-sealed ceramic 
tube by a new electrothermal tech- 
nique which creates a glass-hard em- 
bedded resistance element that will 
withstand abrasion, thermal shock 
and temporary overloads without 
change.—Weston Electrical Instru- 
ment Corp., Newark 12, N. J. 


For more information circle 292 on inquiry card. 


SQUARE-BODY MINIATURE 
POWER RESISTORS 


New “Series C7GL and C10GL” 
feature wire-wound resistance ele- 
ment placed in a square-body steatite 


casing and imbedded and sealed in 
inorganic cement. Available in 7- and 
10-watt ratings, 13%” and 1%” long; 
resistance values from 1 ohm to 6,000 
ohms, and 1 ohm to 11,000 ohms, re- 
spectively.—Clarostat Mfg. Co., Inc., 
Dover, N. H. 

For more information « 


rcle 293 on inquiry 


HIGH FREQUENCY RESISTORS 


Two new lines of hf resistors are 
for use where requirements call for 
extremely low inductance, capacitance 


8674 

and skin effect in circuits involving 
pulses and steep wave fronts. Depend- 
ing on size and resistance value, new 
units are usable at frequencies to 
over 400 Me. Resistance values 20 
ohms to 100 megohms; tolerance 20% 
to 5%. “Type G (high frequency)” 
6 sizes, 10 to 100 watts; “Type F 
(high frequency)” 8 sizes 1/4 to 10 
watts.—Resistance Products Co., 914 
S. 13th., Harrisburg, Pa. 

For more inforr rcle 294 on inquiry card 


natior 


VARIABLE RESISTORS 





CONCENTRIC-SHAFT VDR’s 


New voltage-dividing resistors fea- 
ture new concentric-shaft design 
which permits two VDRs to be single- 
hole mounted for control by a dual 





Temperature Setting to .01°C. 
Temperature Control to .01°C. 
—100°C. to 1000°C. 


THERMOCOUPLE 
CALIBRATOR 


PRECISION CONTROLLED OVEN 
ACCOMMODATES SIX THERMOCOUPLES 
OR THERMOMETERS .AT ONE TIME 


RAM INDUSTRIES, INC. 
152 West 42nd Street, New York City 


knob. Standard %” and 4” shafts; 
assembly is mounted by usual %” 
threaded bushing or can be supplied 
with servo-style mounting.—Waters 
Mfg., Inc., P.O. Box 368, South Sud- 
bury, Mass. 


For mation circle 295 on i 


VOLUME CONTROL 


New printed-circuit-type volume 
control, with a special low-end resist- 
ance taper designed for use with 
transistors in printed circuits, fea- 


RESISTANCE 


p | 
EW MALLORY “LOW- ENO" CURVE 
M 


ro uM a5& 


OfOREES ROTATION 














equipment. 


unskilled labor. 


For want of a simple nameplate, the Automatic Temperature Control 
Co., Philadelphia, had to hold up shipment of $20,000 in control 


Now, a portable Engravograph (size of a typewriter) makes individual 
nameplates on the premises. Cost, per label, less than 50¢—with 


Wisconsin 7-2971 


new hermes Engray 


ng Machine Corp 
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AUTOMATIC RESET—#91300, #91400 


renee reset agama sane nntingennnttemmmee ten stnconnsstmennteni a 


HOW CHACE THERMOSTATIC 
BIMETAL ACTUATES THE 


MOTOR 
PROTECTOR 


MANUAL RESET—#92300, #91400 


A PRODUCT OF RBM DIVISION OF 
ESSEX WIRE CORP 
LOGANSPORT, IND. 

After years of development by RBM 
Division of Essex Wire Corp., and 
now in volume production, this 
bimetal motor over-load protector 
provides overload protection for split 
phase or capacitor motors such as are 
used in many household appliances. 
It may also be used with 110/220 
volt motors of heavier capacity. The 
disc-type element is sensitive so as to 
give instant response to locked rotor 
current, yet carry starting surges and 
protect against running over-loads. 
The calibration to trip at 105° (also 
120°) allows for ambient compensa- 
tion for varying temperatures within the motor. The box shape 
of the terminals prevents soldering spatter and the double break 
contact provides long contact life. The snap-action disc element 
is fabricated from Chace Thermostatic Bimetal. 


Mi 

















Here’s how the manual reset protector works: The heater wire 
(A) carries a normal load but is heated by locked rotor currents 
or running overload currents. The heater in turn heats the ther- 
mostatic bimetal dise element ( B) until at the calibrated temper- 
ature it snaps into the reverse shape, opening the contact points 
(C); when the reset plunger is depressed after correction of the 
failure, the two buttons (D) contact the bimetal element, forcing 
it to snap back into its original shape with contacts closed. 


Remember Chace when you design for temperature actuation or indi- 
cation, or for protection of valuable equipment. Dependable Chace 
Thermostatic Bimetal is available in 28 types, in strip, coil or completely 
fabricated and assembled elements made to your specification. Write 
for new 44-page booklet, ‘Successful Applications of Chace Thermo- 
static Bimetal,”’ containing interesting uses of bimetal and many pages 
of engineering data. 


; W. M. CHACE CO. 
E 6 Thevnodtalic Bimeltal 
- 1609 BEARD AVE., DETROIT 9, MIC 


For more information circle 104 on inquiry card. 
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tures extremely low “hop-off” or zero 
rotation resistance. In addition, low 
end taper gives gradual resistance 
rise from zero point over first 20° to 
30° of shaft rotation, providing 
smooth control throughout entire vol- 
ume range. New taper is available on 
controls of various styles.—P. R. Mal- 
lory & Co. Ine., 3029 E. Washington 
St., Indianapolis 6, Ind. 


For more information circle 296 on inquiry card. 


SUBMINIATURE VDRs 


New “Acepot” subminiature pre- 
cision wire-wound voltage-dividing re- 
sistors, with resistance range from 


10 ohms to 250 k and linearity of 
0.3% are said to “match the quality, 
dependability and performance usual- 
ly found only in much larger units.” 
Weight 4% oz; power 2 watts for 60°C 
rise; extremely high resolution; am- 
bient temperature —55°C to 150°C; 
one-piece precision machined alumi- 
num case; available in standard 
threaded bushing, servo or flush 
mountings, and ganged units.—Ace 
Electronics Associates, Inc., 103 Dov- 
er St., Somerville 44, Mass. 


For more information circle 297 on inquiry card. 


VARIABLE RESISTOR 


New “Type H” 5-watt molded com- 
position variable resistor is especial- 


ly suited to industrial electronic ap- 
plications.—Allen-Bradley Co., 136 W. 
Greenfield Ave., Milwaukee 4, Wis. 


For more information circle 298 on inquiry card. 


SINGLE-TURN VDR 


New “13-100-1” single-turn voltage- 
dividing resistor, with operating tem- 
perature range of —55°C to 100°C 
has many instrumentation and gen- 
eral servomechanism uses because of 
its compact size (1%D x 5%%4L), lin- 





earity as close as 0.25%, low noise 
level, adaptability to both mechanical 
and manual settings, and low torque 
(0.5 oz-in). Total resistance range 50 
to 40,000 ohms. Dimensional stability, 
impact strength and heat dissipation 
are provided through one-piece ano- 
dized aluminum alloy housing. Elec- 
trical rotation 356° +2°; continuous 
mechanical rotation. Up to 8 taps can 
be added during manufacture with 
each tap welded to a single turn of 
resistance wire—Electromath Corp., 


190 Henry St., Stamford, Conn. 


For more information circle 299 on inquiry card. 


CAPACITORS 





VERNIER CAPACITOR 


New “V-Cap,” 
specifically de- 
signed for com- 
puter applica- 
tions, is recom- 
: mended also for 
18605 any application 

where a 0.1 to 
1-mfd capacitor must be adjusted 
to an accuracy of better than 
0.05%. Reported stabilities better than 
0.01%; almost undetectable dielectric 
absorption; insulation resistance 1014 
ohms; dissipation factor 0.0005. Ad- 
justment range is 1% on either side 
of nominal capacitance.—Balco Re- 
search Labs., Inc., 49-53 Edison Pl., 
Newark 2, N. J. 


For more information circle 300 on inquiry card. 


STAND-OFF CAPACITORS 


New “Series 

X2122 stand-off 

capacitors with 

ceramic dielec- 

tric, available in 

a group of values, 

are general RF 

by-pass capaci- 

tors for use in high-quality electronic 

equipment. Encapsulating resin pro- 

vides exceptional rigidity and dur- 

ability under extreme shock, vibra- 

tion and humidity. Unique design fea- 

ture minimizes breakage of dielectric 

ceramic under flexing of chassis and 

mounting surfaces. Over-all height 

when mounted is less than %”.— 

Cambridge Thermionic Corp., 445 
Concord Ave., Cambridge 38, Mass. 


For more information circle 301 on inquiry card. 


PAPER TUBULAR CAPACITORS 


New line of molded PVZ capacitors 
meets need for a moderately-priced 
high-quality 125C paper tubular ca- 
pacitor. Units operate from —55°C to 
125°C without voltage derating, are 


Potter & Brundield engineering 


is in this picture 


Which P&B relay did Television Associates specify 
FOR THEIR AIRBORNE COMPUTER? 


Surveys for pipe lines, electric transmission 
routes and microwave paths are now made 
from the air, by radar. Television Associates 
of Indiana, Inc. developed this speedy new 
technique—and the equipment—which pro- 
vides clients with detailed profiles of the ter- 
rain to be crossed. 

Part of the equipment, an intricate airborne 
computer, requires relays that are fast-acting, 
light weight, versatile. They must have high 
shock and vibration resistance and remain 
operative in temperatures ranging from —45° C 
to +85°C. 

Modified MH relays by P&B were specified. 
These miniature relays meet all Television 
Associates’ requirements and provide high 
reliability in a mighty small package. Chal- 
lenging relay problems are solved daily at 
P&B. Twenty-five years of creative engineer- 
ing are behind every P&B relay. Write today 
for our new catalog. 








ENGINEERING DATA 


SERIES: MH Miniature Telephone. 

CONTACTS: Up to 18 springs, maximum 
9 in each stack, forms A, B, C, D, E, X and Y. 
AC relays are limited to a maximum of 2 
poles. Various contact material available. 

VOLTAGE RANGE: 0C - .05 to 110 V.— 
AC - 6 to 230 V. 60 cycle. 

COIL RESISTANCE: 22,000 ohms 
maximum. 

TEMPERATURE RANGE: High tem- 
perature range (DC) —55° C. to +135° C 
Standard DC —55° C. to +85° C. Standard 
AC —45° C. to +40° C. Other temperature 
ranges available to specification. 

TERMINALS: Standard pierced solder 
lug holes will take (2) No. 18 hook-up wires. 
Adaptable for printed circuits. 

ENCLOSURES: Dust cover plus wide 
range of hermetically sealed covers and 
types of terminations. 

DIMENSIONS: 1-9/16" L. x 25/32" W.« 
1-3/8" H. (4c Relay) 





P&B RELAYS AVAILABLE AT MORE THAN 
500 DISTRIBUTORS IN ALL PRINCIPAL CITIES 





for applications in computers, mis: 


Potter & Buuntield,i 
ne, 
siles, other high-grade military and 


; : : PRINCETON, INDIANA Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
commercial equipment; are available 


in 100-v to 400-v ratings; from ) 
0.00047 to 0.022 uf in 400-v range Manvfacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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For Better Bench Mock-Up Tests 


KATO 


VARIABLE FREQUENCY 
MOTOR 


GENERATOR SETS 


REMOTE Sis 
CONTROL 
Remote control 
frequency adjust- 
ment varies speed 
from 1080 to 1320 
RPM, thus vary- 
ing frequency. 
Bench mock up 
test station may 
be located any- 

where. 


MAGNETIC AMPLIFIER 
AUTOMATIC 

VOLTAGE REGULATOR : 
Synchronous motor | | 
starter and generator oS 
controls, including mag- 
netic amplifier voltage 
regulator in cabinet. 


UTOMATIC ADJUSTMENT MODEL 45 EPOT 
Fully automatic variable frequency motor generator set 
adjusts 360 to 400 CPS. Generator mounted controls ine A, C. GENERATORS e¢ 60 CYCLE 


clude reset buttons, Cutier-Hammer Limit Switch. Motor 


FROM 350 WATTS TO 500 KVA. 


and generator remain stationary. Vari-drive pulley ad- 


justment controlled by small motor. 


MANUAL ADJUSTMENT 
MODEL 28XA08 
Easily adjusted by simple hand 
wheel controlling variable 
pitch pulley V-belt arrange- 
ment. This motor generator 
set gives 45 to 60 cps output. 
Unit holds speed accurately. 
Frequency meter on generator 
panel indicates output. Single 
phase generator speed varies 
1950 rpm 


from 1350 to 


Builders of Fine Electrical Machinery finee 1928 


KATO Engineering Compan 


Y 1490 FIRST AVENUE 





WRITE TODAY FOR 
FREE FOLDER! 


IT'S NEW! 








MANKATO, MINN. 
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/ Now you can 
GA 
GA 


assemblies. 


ance data. 





—with 
HEX ACON 


INSTRUMENT 
SOLDERING IRONS 


—for fast soldering and 
long life on constant duty 


Because of new efficient design, these tiny tips 
out-perform irons with larger tips and higher 
wattages. HEXACON offers a new standard 
in soldering iron efficiency for every conceiv- 
able need in the soldering of miniature 


Send for new circular No. 127 giving more 
details and comparative competitive perform- 


202 


SUPER-PENCIL IRONS* 
No. 25S 25w. 1/8” tip $6.00 
@ No. 26S 30w. 3/16” tip $6.00 


Nene 
— 


\ 
VL. cain 
3 BANTAMWEIGHT 
HATCHET IRONS* 
No. 25H 25w. 1/8” tip $6.50 
No. 26H 30w. 3/16” tip $6.50 





PIN-POINT 
IRONS* 

No. P-25A 25w. 1/8” tip $6.00 
No. P-26 30w. 3/16” tip $6.00 
*Also available in 
higher wattages 





For more information circ 


HEXACON ELECTRIC COMPANY 


506 West Clay Ave., Roselle Park, New Jersey 
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and from 0.00047 to 0.15 uf at 100 v. 
Nine different sizes accommodate the 
various ratings —General Electric 
Co., Schenectady 5, N. Y. 


For more information circle 302 on inquiry card. 


ELECTRONIC 
COMPONENTS 


TWIN TRIODE 
New “Type CK 6832,” designed 


especially for de amplifier and com- 
puter applications, is a subminiature 








twin triode with unusually low micro- 
phonics and grid current. It is con- 
trolled for balance between the two 
sections including stability with time, 
shock and variation in heater volt- 
age. Electrically, it is similar to mini- 
ature “CK5755.”—Raytheon Mfg. Co., 
55 Chapel St., Newton 58, Mass. 

re ircle 303 on inquiry card 


For me informatino 


COINCIDENCE THYRATRON 


New “Type KP-80” 

coincidence thyratron 

(actual size illus.) 

utilizes new and 

unique principle of 

ion deflection; has 

three control grids 

and is designed for 

use where the coinci- 

dence of either two 

OR THREE events (sig- 

nals received) causes 

some operation (tube 

conduction). For ex- 

ample, when it re- 

ceives three simultaneous signals, it 

conducts, closing a _ relay, which 

might in turn cause a drill to be 

positioned. In circuits where coinci- 

dence functions are now accomplished 

with as many as fourteen components 

(performing merely double coinci- 

dence) use of “KP-80” will save time 

and space, will minimize cost, and will 

maximize equipment reliability —Kip 

Electronics Corp., Department R-1, 
Stamford, Conn. 


For more information circle 304 on inquiry card. 


ELECTROMECHANICAL 
COMPONENTS 





SERVOMOTORS 


New “Models 216, 232 and 248” 
low-inertia servomotors, nominally 
rated at 10, 20 and 30 watts respec- 
tively, achieve extremely high acceler- 
ation by use of a small-diameter ro- 
tor, whence exceptionally high torque- 
to-inertia ratios. Other features are 
linear torque-speed characteristic, 





8518 oe 
high hp-to-weight ratio, and quiescent 
current cancellation.—Bekey Electric 
Co., Inc., 1827 S. Main St., Los An- 
geles 15, Calif. 

For more information circle 305 on inquir 


SIZE 10 SERVO 


New “Type 10- 

5032-23” size 10 

servo for use 

with a_ transis- 

torized amplifier 

} will not single- 

cine 225 AbbM phase (1) with 

fixed phased en- 

ergized and (2) with a tuning capac- 

itor 250% in excess of value required 

to tune control phase to unity power 

factor connected across control phase. 

Characteristics include 115-v fixed 

phase 36-v control phase with 3 watts 

per phase stalled; 6500 rpm at no 

load and 0.26 oz-in at stall minimum; 

operating temperature range —65°C 

to 85°C. Available with gear train, 

brake and environmental conditions 

specified—John Oster Mfg. Co., 
Avionice Div., Racine, Wis. 
For more informatior ircle 306 


MOTOR-GEARHEAD CLUTCH 


r : New 400-cps 

; high-performance 
miniature motor- 

gearhead-clutch 

BuOrd Size 10 

(0.938” dia.), 

max length 1%”, 

is designed to 

operate direct- 

ly from either 

115-v or 26-v line. Common aluminum 
housing minimizes alignment and as- 
sembly problems while use of alumi- 
num makes possible a minimum 
weight and temperature rise Various 
gear ratios available without changing 
basic configuration. Gearing and 
loads protected by an integral slip 
clutch.—Servomechanisms, Inc., Mech- 
atrol Div., 625 Main St., Westbury, 
N. Fs 
rt circle 307 on inquiry 


DC TO AC CONVERTERS 


New 750-watt model has been added 
to maker’s “Custom” line. Pole shoes 
and field ring are cast in a single 
unit, to eliminate electrical loss and 
simplify construction. Units are spe- 
cially engineered for marine and in- 





announces 
an unusually precise 


SERVOMOTOR- 
TACHOMETER 
GENERATOR 


HIGHER 
AMBIENTS 


mai Pi GREATER 


SJLHLX7 


(Actual size) , RUGGEDN ESS 


H earity , 
Lin tGradien 


EASTERN AIR DEVICES. v0 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 
347 CENTRAL AVENUE *© DOVER, NEW HAMPSHIRE 
For more information circle 108 on inquiry card. 
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INTRODUCING A NEW 

TECHNIQUE IN AIRBORNE 
THERMOCOUPLE INSTRUMENTATION 
WHICH OBSOLETES CRACKED 

ICE AND THERMOS BOTTLES 


ARNOUX 


Thermocouple 
Reference Junction 


ARNOUX “hot'’ reference junctions eliminate the need for obsolete, 
inaccurate ice baths or cold junction compensation, and require no 
attention prior to use. 


Extremely rugged and compact, these units provide constant 250°F. 
temperature at the junction of thermocouple wires and copper leads. 
Regulated within 1.7°F., throughout MIL-E-5272 A ambients. 
Models are available for 24 volt d.c. or 115 volt, 60 or 400 cps. 
Choice of thermocouple materials. Sizes range from 2 to 12 
channels. 


Write for Bulletin 400. 


ARNOUX.... fesemsst in 
TEMPERATURE MEASUREMENT EQUIPMENT ... 


. .. TRANSDUCERS, ACCESSORIES AND 
CUSTOM ENGINEERED SYSTEMS. 


ARNOUX 


CORPORATION 


11924 West Washington Blvd. 
Los Angeles 66, California 


Designers and Manufacturers of Precision Instrumentation 


For more information circle 109 on inquiry card. 
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dustrial service; are available for in- 
put voltages of 24, 28, 32, 48, 64, 72, 
115 and 230 v ac and deliver clean 
115-v 60-cps ac—Carter Motor Co., 
2711 W. George St., Chicago 18, Ill. 


For more information circle 308 on inquiry card. 


NON-MAGNETIC TEFLON CABLES 


Two new Teflon coaxial cables with 
non-magnetic conductors, similar in 
all other respects to RG-141/U and 


RG-142/U cables, are for use where 
both high temperature and non-mag- 
netic qualities are desirable—Amphe- 
nol Electronics Corp., Chicago 50, 
Till. 


For more information circle 309 on inquiry card. 


RIGHT-ANGLE SOCKET MOUNT 


New multiple right angle socket 
mounting for use in conjunction with 
printed circuits can be applied also 


for mounting resistors and capacitors 
that have not previously been in- 
corporated into circuit. It is an off- 
shoot of single socket mounting intro- 
duced by maker. It can incorporate 
sockets of the same size or of varying 
sizes, and can be constructed to meet 
user specs.—Cleveland Metal Special- 
ties Co., 1783 E. 21st St., Cleveland 
14, Ohio. 


For more information circle 310 on inquiry card. 


RELAYS 
SUBMINIATURE RELAY 


New “KM” subminiature 3-pole re- 
lay meets demand for miniaturization 
and multiplicity of action within a 
single relay. Contacts: Max 3p-dt, 
3/32” dia silver, 2 amp 115 v 60 cps; 
coil resistance up to 6,700 ohms; one 








watt power requirement; temperature 
range —45°C to 55°C; shock resist- 
ance 30G without mechanical damage. 
—Potter & Brumfield, Ine., Princeton, 
Ind. 

For more information circle 311 on inquiry card. 


MINIATURE RELAY 
* New “Type 4- 
=e C” relay, for ap- 
S col plications com- 
pelling minimal 
size but requiring 
maximal sensitiv- 
ity, long life, and 
8668 low power con- 
sumption, uses maker’s standard 
“Type 4” contact spring assembly; 
offers many variations in contact 
arrangements and contact materials. 
Available coils include single or double 
wound, time delay slugs, and special 
windings for high temperature and/or 
high humidity.—Phillips Control 
‘orp., Joliet, Ill. 
For more information circle 3912 on ing 


MERCURY RELAYS 


New “EML-1” 
(4000 watt) and 
“HDL-1’’ (6900 
watt) normally- 
open mercury 
plunger relays 


W&T 
ABSOLUTE 
PRESSURE 4 
INDICATOR 

FA-160 


ABSOLUTE 
PRESSURE 


MILLIMETERS OF MERCURY 


SERIAL NO 
seeee 


WALLACE & TIERNAN 
OCLLEVILLE, mew sEROCY 


6” dial 


Measures pressure from 
y 43 tome\:}-1e) 00) 83 
to Atmospheric 


ABSOLUTE PRESSURE INDICATOR 
..- For Precise Vacuum Work 


Accuracy: 
Sensitivity: 
Ranges: 


1/300 of full scale 
1/500 in all ranges 
0-50mm Hg. 0-100mm Hg. 


0-200mmHg. 0-410mm Hg. 
0-800mm Hg. 390-800mm Hg. 
Dial Sizes: 234” or 6” diameter for all ranges 
Write for Publication No. TP-28-A 


are UL approved 
for tungsten 
lamp loads at 115 
v 50/60 eps; are 
built to safely 
carry tungsten 
surge currents up 
to ten times steady state current with- 
out failure, flicker or sticking; pro- 
vide stable contact resistance of about 
0.001 ohm; are recommended for a 
maximum of 60 complete operations 
per minute. Moisture-resistant coils 
available in a number of stock volt- 
ages or custom-made to meet specs.— 
Ebert Electronics Corp., 212-26 
Jamaica Ave., Queens Village 28, N.Y. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
In Canada, Wallace & Tiernan, Ltd. — Toronto A-108 


HOW TO DETECT 
3 PARTS CHLORINE 
IN A MILLION PARTS AIR 








nformation circle 313 on inquiry card. 





RELAY WITH TERMINALS 
FOR PRINTED CIRCUITS 
- New “Type 8” 
relay has printed 
circuit terminals 


New W&T Solvay Chlorine Detector* 


detects as little as 3 p.p.m. 
chlorine in a continuous air-stream 
sample. Automatically sets off 


which are avail- 
able with stand- 
ard twin-contact 
springs (widely 
used for maxi- 
mum reliability 
in switching circuits) or with single- 
contact springs or power-type con- 





alarm at higher concentrations. 
Write for Publication 50.118 





WALLACE & TIERNAN 


INCORPORATED 
25 MAIN ST., BELLEVILLE 9, N. J. 


*Manufactured under patent license from Solvay Process Div., Allied Chemical & Dye Corp. 





For more information circle 110 on inquiry card. 
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TIMKEN Company 
ORDERS 2 MORE 


DIAMOND ITV UNITS 


(WIRED TELEVISION) 


AFTER 3 SUCCESSFUL INSTALLATIONS 


Picture of furnace interior on Diamond ITV viewing Operator at another control pulpit SEES 
screen is watched by remote dispatcher. A flip of a visually inaccessible billet loading 
a switch and he SEES conditions in another furnace area for a pusher type furnace. 

on same screen. 


The Timken Roller Bearing Company made its first application 
of Diamond Industrial TV in August 1951 for remote observation 
of the interior of a tube-cooling furnace. Since that time two 
additional installations have been made to watch (1) the inside 
of another furnace and (2) the remote handling of billets by a 
crane. The success of these has resulted in a recent order for 
two more sets of Diamond ITV. 


You, too, probably can use Diamond ITV to substantial ad- 
vantage. Call your Graybar Distributor or use the coupon below. 


DIAMOND POWER SPECIALTY CORP. 

§ ‘FIRST IN INDUSTRIAL TELEVISION” 

| ELECTRONICS DEPT., P.O. BOX 57F 

1 LANCASTER, OHIO 

! Please send me without obligation a copy of new bulletin 
showing how Diamond Industrial (Wired) Television will help 
me reduce costs, improve quality, increase sales and aid safety. 


Name. 


Title 








Company 
Address 








For more information circle 1119 on inquiry card. 
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tacts for switching large current 
loads. For extremely low-level loads, 
gold alloy or other special contact 
materials are available. Terminals are 
tinned for ease of soldering and ready 
insertion into circuit board, are ribbed 
for added strength, fully supporting 
relay and eliminating mounting 
serews.—Phillips Control  Corp., 
e oliet, Til. 


For mation circle 314 on inquiry card. 


SWITCHES 
SELECTOR SWITCH 


New fifty-channel selector switch is 
mainly designed for strain gages, 
thermocouples, multichannel testing, 





SWITCHING 5 
8 € 


etc. Change in contact resistance of 
any switch point does not exceed 0.48 
milliohm and averages 0.08 milliohm. 
(This corresponds to less than 1 mi- 
croinch per inch strain for a 120-ohm 
“SR-4” strain gage.) Alphlex insula- 
tion used throughout. Extremely low 
loss switching is assured. Common 
terminal strip mounted below binding 
post facilitates quick hookup. Engrav- 
ing on both front and back panels for 
permanence.—Good Electronic Corp., 
P.O. Box 406, Natick, Mass. 

For more information rcle 315 on inquir 


ENCLOSED LIMIT SWITCH 


New “Type 30” sealed precision 
limit switch features versatility: six- 
teen types of switches from a few 


interchangeable components. Plunger 
actuator has a 0.002” differential and 
14” overtravel. Roller arm actuator 
has a micrometer screw adjustment 
which eliminates trial and error meth- 
od and offers an unlimited number of 
trip positions. Roller plunger actuator 
is adjustable through 360°.—Licon 
Switch & Control Div., Illinois Tool 
Works, 2501 N. Keeler Ave., Chicago 
39, Jil. 


For more information circle 316 on inquiry card, 





40-CHANNEL HIGH-SPEED 
SAMPLING SWITCH 


New high-speed sampling switches 
feature unusual economy, plug-in con- 
nections and high performance, up to 


we 


40 shorting channels or 20 non-short- 
ing channels; maker’s constant-force 
brushes for extended service-free life. 
—General Devices, Inc., Princeton, 
N. d. 


For more information circle 317 on inquiry card. 


NYLON-MOLDED SWITCH FOR 
RESISTANCE DECADES 


New nylon-molded switch for mak- 
er’s Wheatstone bridge and decade 
boxes is superior both electrically and 
mechanically to previous construction, 
features exceptionally low resistance 
contacts (less than 0.003 ohm) pro- 
vided by quadruple wiping springs of 
phosphor bronze riding on silver-plat- 
ed brass segments.—Industrial Instru- 
ments, Inc., 89 Commerce Rd., Cedar 
Grove, N. J. 


For more information circle 318 on inquiry card. 


MULTIPOLE SWITCHES 


New system of 
precision “stack- 
ing” of Class 1 
“TyniS witches” 
makes it possible : 
to obtain a single a he 
switch actuating & CO: shia | 
two or more com- 
pletely independent circuits. Space 
saving is one advantage. Each indi- 
vidual switch action can be dt, st-no, 
or st-nc. Maximum pin movement 
from first contact actuation of all 
contacts is 0.015”. “Type B” switches 
are UL listed at 15 amps 125 or 250 
vac, % hp, 125 or 250 vac; “Type D” 
switches are UL listed at 10 amps 
125 or 250 vac.—TyniSwitch Dept., 
Detroit Controls Corp., 800 Union 
Ave., Bridgeport, Conn. 


For more information circle 319 on inquiry card. 


HINGED LEVER SWITCH 


New hinged lever actuator “Tyni- 
Switch” features ease of removal or 
assembly of lever. This makes it pos- 
sible to use standard parts and add 


cee. s : 
ee : = ; 5 
; a 
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The following are typical of components and systems 


available from Potter for satisfying your 


digital requirements: x 
Digital Magnetic Tape Handlers 
High-Speed Perforated Tape Readers 
Digital "Teledeltos" Recorders 





Line-at-a-Time Printers 
Record=-Playback Amplifiers — 
Record=-Playback Head Assemblies 
Magnistors 

Magnetic Core Memory Systems 
Magnistor Storage Arrays 
Translation Systems 
Random Access Memory 
Magnetic Shift Registers 


sa enemeceatenttceetanttesC tte Cee ae 


LETT tT ite tt i 





Predetermined Electronic Counter 
Counter ag Pe" 
uency=-Time Counters 

eps i elite and-Seaters 
Plug-In Counter Decades 
Photoelectric Count Detectors 
Photoelectric Screen Detectors 
Translators and Printers 


Coot 


ed 


Multiple-Channel Recording Systems _ 
Doppler Data Translators sie = 
Militarized Counters and Timers _ 
High-Speed Printing Chronographs 
Other Data-Processing Systems 


ee! 








LLiti 





You can buy Potter with complete assur- 
—ance of reliability. As specialists in digital 
__. data-handling equipment, Potter engineers. 
welcome an opportunity to study your Fequire= 
~ ments and to make recommendations for solving 
———~your data-handling problems. 
Write for detailed technical literature 
on the above products and other digital equip= 
\ ment available from Potter. Your inquiry will 
receive prompt attention. 


-_——-- 











POTTER INSTRUMENT COMPANY, INC. 


115 Cutter Mill Road Great Neck, lL |. NY 





For more intormation circle 112 on inquiry card. 
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Specialists in the Unusual 


Precision Produced 
MATERIALS for 


TRANSISTORS 
and DIODES 


@ GOLD doped with N-type or 
P-type elements—supplied in the 
form of wire, sheet or ribbon and 
cut or stamped pieces. 


@ INDIUM electroplated base or 
precious metal wires. 


@ WELDED RIBBONS—Dissimilar 
metal ribbons of the same width 
can be continuously welded 
together, within close overlap tol- 
erances. 


Write for 
List of 
Products 


SIGMUND COHN CORP. 


121 SOUTH COLUMBUS AVE., MOUNT VERNON, N. Y. 





Call K 


Steel, chromium plated, or carbide 
precision pivots to .013” diameter. 
1 RMS or finer surface finish. Diam- 
ster tolerance to .000010”. Chamfers, 
radii, lapped ends, etc. 

Also volume production lapping of 
flat or round production parts. 


Send us your specifications. 


The "spike" in the center is a common pin. 
The others are VK precision pivots. 


The VAN KEUREN COMPANY 


176-A WALTHAM ST. WATERTOWN, MASS. 


For more information circle 114 on inquiry card. 
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secondary operations to lever to meet 
special application requirements. Pre- 
travel max 0.250”; overtravel min 
0.200”; movement differential 0.020” 
to 0.080”; operating force max “Type 
A” 18 grams, “Type B” 10 grams; re- 
lease force min “Type A” 9 grams, 
“Type B” 4 grams. UL and CSA rat- 
ing 15 amp, 125 and 250 vac.—Tyni- 
Switch Dept., Detroit Controls Corp., 
800 Union Ave., Bridgeport, Conn. 


For more information circle 320 on inquiry card. 


MECHANICAL 
COMPONENTS 


MINIATURE DIFFERENTIALS 


New miniature differentials, said 
to be characterized by minimum back- 
lash, high accuracy and low break- 





away torque, feature bevel gears of 
Gleason-Coniflex type; preloaded ball 
bearings; and gears cut to AGMA 
Precision Class 2. Three stock models 
have 4”, *” and %” shafts; max 
recommended torques of 150, 100 and 
90 oz-in; and max recommended 
speeds of 1800, 1800 and 1400 rpm.— 
Helipot Corp., Newport Beach, Calif. 


For more information circle 321 on inquiry card. 


VALVES 








GLASS CYLINDERS 
RODS e TUBES 


CIRCLES & SPECIAL SHAPES 


EXPERIMENTAL and 
PRODUCTION BLOWING 


— Your Inquiries Invited — 
Gicss Tubes and Rods for Scieatific U Fersiters. Lighting 


CRYSTAL GLASS TUBE & CYLINDER CO. 


7318 South Chicago Ave. @ Chicago 19, Ill 





FABRICATED 
and CUT 
to Your 
SPECIFICATIONS 




















For more information circle 115 on inquiry card. 
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TUNGSTEN CARBIDE PLUGS 


‘ New “Microflo Valve 

' Tungsten Carbide 

| Plugs,” in twenty-five 

interchangeable sizes, 

_ provide predictable 

| flow control in a for- 

| merly “impossible” low 

' flow range, enabling 

pilot plants and labor- 

atories to scale down 

their process to more 

manageable propor- 

. tions. Ten new sizes in- 

clude Cy (max.) = 

0.00063 (#16) to Cy 

(max.) = 0.000010 

’ (#25). Minimum flow 

is 149 of the max Cy. Nominal “Micro- 

flow Valve” body sizes are 4%”, %” 

and 1”.—Hammel-Dahl Co., 175 Post 
Road, Providence 5, R. I. 


For more information circle 322 on inquiry card. 


DIRECTIONAL VALVE 


New directional valve affords in- 
stant switchover from automatic to 
manual control of diaphragm-oper- 





8688 


ated valves, cylinders, etc.; can be 
used also to prevent intermixing of 
supply when two gases or liquids are 
being delivered alternately. Principle: 
when pressure is applied to one port, 
ball shifts to, and seals, opposite port. 
Suitable for use with all fluids com- 
patible with Hycar and bronze. Avail- 
able with 4” and %” ports.—Valvair 
Corp., 454 Morgan Ave., Akron 11, 
Ohio. 


For more information circle 323 on inquiry card. 


SHOP EQUIPMENT 
BORING BAR 


New vibration-proof and chatter- 
less boring bar, equipped with a mi- 
crometer adjustment to adjust cut- 





LEPNCARE CARGOES TP EE 


as 
or 





Tame err 





























8661 


ting tools in 1000ths, is constructed 
of shock-absorbent material and spe- 
cial alloy heat-treated steel; is of- 
fered with cutting tool at 53° angle 
or at 90° angle, and micrometer ad- 
justment tool bit. (Also available with 
conventional non-adjustable tool bit.) 
—Modern Mfg. Co., Inc., Edgemont 
& Clementine Sts., Philadelphia, Pa. 


For more information circle 324 on inquiry card. 


PORTABLE NIBBLER 


New portable air-operated metal 
cutting nibbler cuts up to 55” per min- 
ute through 10-gage stainless steel 
without distortion on either side of 
cut, leaving edge ready for fabricat- 
ing. Short turning radius (6”) allows 


Where custom systems are involved, it just doesn’t pay to do the work 
yourself. Not when EECO can do it for you—expertly, efficiently—without 
disrupting the normal productive activities of your engineering staff. 
Major EECO installations in operation in all parts of the country are 
proof of Electronic Engineering Company’s ability to design and produce 
anything from single-rack recording systems to the most complex multi- 
console master installations. And EECO design techniques, perfected 
through years of systems work, are now ready to be put to work for 
you in an EECO engineered system to meet your exact requirements. 


One wing of the EECO Central 
Dual Timing System at Patrick 
Air Force Base, Florida. This 
system is a master time signal 
generating installation for 

the base and ties in with all 
instrumentation operations for 
guided missile testing. 


PLUG-IN CIRCUITS 


..-your key to lower design and pro- 
duction costs. These EECO plug-ins 
have proven themselves in scores of 
major installations...the one above 
contains more than 2,500 units. 
Originally designed for EECO sys- 
tems, these packaged circuits are 
now available to you. Complete data 
on standard and custom circuits in 
catalog H 





ELECTRONIC ENGINEERS AND PHYSICISTS — EECO offers unusual career 
opportunities for advancement and professional growth in the creative 
field of systems and related electronic projects. Send resume to the 
attention of R. F. Lander. 


Electronic Engineering Company 
of California 





and its subsidiary Engineered Electronics Company 
180 South Alvarado Street e Los Angeles 57, California 
For more information circle 116 on inquiry card. 
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ULTRA 
WIDE-BAND AMPLIFIER 


























Extended low frequency response to 1000 cps 
High frequency response to 210 Mc with linear phase shift and rise 


time less than .0026 yu sec 


Gain flat to within +114 db and stabilized to +0.2 db 
Voltage and current regulation minimize effect of fluctuations in line 


voltage and tube characteristics 


Ideal for distortionless pulse and transient amplification as in radar, 


nuclear and television research 


Write for data sheet on SKL Model 202D 


SPENCER: KENNEDY LABORATORIES, INC. 


1320 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 


For more information circle 117 on inquiry card. 





TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 








TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 














id ALSO... 
HYDROSTATIC GAUGES 


FOR ALL PURPOSES 


PRESSURE ¢ VACUUM ¢ DRAFT 
DEPTH & ABSOLUTE PRESSURE 
DIFFERENTIAL PRESSURE 
MERCURIAL BAROMETERS 


SEND FOR BULLETINS 
UEHLING INSTRUMENT CO. 


470 GETTY AVE., PATERSON,N. J. 


For more information circle 118 on inquiry card. 
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High Precision OpticaL Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
e 
Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
* 

Plane Parallel PLATEs 
* 

SCHLIEREN SYSTEMS 


e 
Wind Tunnel Optics 


. 

Lenses & Prisms of Glass 
Natural or Synthetic 
CRYSTALS 
e 
Complete Optical and Mechanical 
INSTRUMENTS 


- 
Made to Specifications 
e 


High Vacuum Coating 
e 


Catalog Upon Request 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 














For more information circle 119 on inquiry card. 
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for intricate patterns and _ special 
openings. Tool weighs 13 lb, is 18” 
long.—Fenway Machine Co., Edge- 
mont and Clementine Sts., Philadel- 
phia 34, Pa. 


For more information circle 325 on inquiry card. 


INSPECTION & GAGING 
BORESCOPE 





8650 

New needle-like “TG-1 
Borescopes,” for examina- 
tion of diesel injection noz- 
zles and other small tubes 
and cavities, have optical 
systems with lenses in some 
cases smaller than a pin 
head, yet image quality is 
more than adequate for detection of 
flaws, dirt, erosion, etc. Three models, 
for bores from 0.160” to 0.250”, 0.200” 
to 0.312”, and 0.240” to 0.375”. Optical 
tube can be rotated with respect to 
handle, and adjusted inward or out- 
ward therein to obtain optimal reflec- 
tion of light from walls under ob- 
servation. Each borescope is supplied 
with four tubes, affording vision 
(1) directly forward, (2) obliquely 
forward, (3) at right angles to bore, 
(4) obliquely backward.—Kollmorgen 
Optical Corp., 347 King St., North- 

ampton, Mass. 


For more information circle 326 on inquiry card. 


INTERNAL MEASURING 
INSTRUMENT 


New “Model N-7 Internalchek”’ is 
a heavy-duty shop and lab instrument 
for inspecting internal diameters of 


ring gages and other parts for size, 
taper, bellmouth and out-of-round- 
ness. Standard capacity is 0.370” to 
12” with vertical capacity to 1%”. 
Instrument is available with dual 
electronic amplification of 1000/2000 
to 1, 2500/5000 to 1, or 5000/10,000 
to 1—The Sheffield Corp., Dayton 1, 
Ohio. 


For: more information circle 327 on inquiry card. 





MISCELLANEOUS 





NEON GLOW LAMPS 


New glow-lamp in- 
dicators, pilot lights 
and test lamps gener- 
ate practically no heat, 
offer practically flat 
volt-ampere character- 
istics; withstand shock 
and vibration; come 
with bayonet or screw 
base; are available in 
standard types or cus- 
tom types to users’ 
specs.—Laine Electron- 
ics, Inc., 91 Industrial 

Ave., Little Ferry, N. J. 
e 328 on inquiry card. 


For more information circ 


CLOSED-CIRCUIT TV MONITOR 


New “Model ARM-14” 14” video 
monitor provides remote viewing of 
video information from maker’s in- 


~~ eee 
oe 
|. anes 


dustrial or broadcast TV camera 
chains; can be positioned up to 1000 
ft from camera control unit (farther 
if line amplifiers are used). Available 
in cabinet or 19” rack mountable chas- 
sis—Kay Lab, 5725 Kearny Villa 
Road, San Diego 11, Calif. 

circle 329 on inquiry card. 


For more information 


ALARM RESET DROP 


aS New “No. 26 
——_ 
. 


constant-ringing 
’ 
systems where 
immediate atten- 
8 tion is required 


” 


drop, for alarm 
and where reset 
feature is needed 
{ for restoration of 


. i. «| cated alarm system, is 
Bbi8 


particularly well 

suited for many 
types of industrial control alarms, 
fire alarm systems and annunciators. 
It operates in low-voltage circuit that 
ean be supervised by liquid level, tem- 
perature, speed or pressure switch, 
relay, etc. Supplied through electrical 
distributors for 6-8 volt d-c or 8-12 
volt a-c circuits —Edwards Co., Inc., 
90 Connecticut Ave., Norwalk, Conn. 


nquiry cara. 
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DIRECT-DRIVE FAN MOTORS 


New “Models S-60-D, S-13-H and 
S-16-H” reduced-depth direct-drive 
fan motors, for application in remote- 
condenser central air conditioning sys- 
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15 to 20,000 P.S.I. 
DIAL SIZES 
BYe" — 12” — 16” 
PRICES 
- from $151.60 


DELIVERY 
within 30 days 


section and 
carefully selected and heat treated metals is an 


The inherent stability of 
the Heise Gauge movement and the 


elimination of significant hysteresis effect 


in the integrally mounted Bourdon Tube 


give the Heise Gauge its ability to indicate 


faithfully the most minute pressure variations. 


scientific design of the Heise Bourdon Tube 


its weldless construction from 


exclusive Heise feature. 


Custom designed to meet your 


specific needs, this gauge will register precisely 


liquids, gases or mercury. 
Convenient adjustment of the 
dial may be used to compen- 


sate for barometric changes. 


Catalog on Request 


HEISE BOURDON TUBE COMPANY, INC. 


BROOK ROAD, NEWTOWN, CONNECTICUT, U.S.A. 


For more information circle 120 on inquiry card. 
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ms 


ACTUAL)\ 
SIZE 





TRANSISTORIZED 
PULSE RATE CONVERTER 


There isn’t enough space in this full size = 8620 
outline to describe the stability, accuracy 
and reliability of the new Waugh Fre- tems, are rated 950, 775 and 625 rpm 
respectively; operate on 230 v; feature 
quency-to-Voltage Converters. Please re- quiet, vibration-free performance; are 
_ quest Bulletin 103 for further details — suitable for vertical or horizontal op- 
_ regarding direct indication or telemeter- eration, come complete with thermal 
f ing of Flow, RPM or Power Frequencies. protective device, central lubrication 
—_ ——— system, etc. Hp ratings 42, % and % 
respectively —E lectric Motors and 
Specialties, Inc., 100 King Street, Gar- 
rett, Indiana. 
For more information circle 331 on inquiry card. 





. > FR-300 Series 
fee} PULSE RATE CONVERTER 


s= COMPONENTS KIT FOR 

.. another progressive development in Fluid Flow PLUG-IN CONSTRUCTION 
Measuring Equipment by Waugh Engineering Company, New “Basic Chassis and Terminal 
manufacturers of Turbine Flowmeters and associated Card Assortment Alden Kit No. 37” 
minimizes layout and _ construction 





instrumentation. Ga 4 ieee as 
Representatives in Principal Cities 








ENGINEERING COMPANY 
FLUID FLOW MEASURING EQUIPMENT 7: 


7842 BURNET AVENUE, VAN NUYS, CALIFORNIA — Stenley 3-1055 
For more information circle 121 on ingiury card. 
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time of mounting and packaging elec- 


SAPPHIRE 
JEWELS... 


for 
BEARINGS 
THREAD GUIDES 
DIES 
GAGES 
WEAR PARTS 
STYLII 


JOHN WORLEY JEWELCo. 


No. Falmouth, Massachusetts 








Offers immediate long range 
opportunities for 


INSTRUMENT 
APPLICATION 
ENGINEERS 


Mechanical engineers with 
Steam Power or Process Plant 
experience. 


Immediate openings in San 
Francisco and Los Angeles, 
California. 


Liberal relocation allowances 
for you and your family plus 
other emoluments. 


Send —, i 
Manager of Emp 


BECHTEL 


CORPORATION 


220 Bush Street 
San Francisco 4, Calif. 




















tronic circuitry by providing engineer 
with flexible series of basic com- 
ponents necessary for mounting, pack- 
aging, housing and connecting his 
circuitry. It comes with Unit Plan- 
ning Sheets enabling designer to plan 
all functional circuit units, component 
layout and housing sizes on the draw- 
ing board in one step.—Alden Prod- 
ucts Co., 117 N. Main St., Brockton 
64, Mass. 

For more information circle 332 on inquiry card. 


SYNCHRONOUS CONTACTOR 

New “Model 3 Rototimer” provides 
precise coordination of shaft position 
with electric circuit for punch press 


For more information circle 122 on inquiry card. 
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control, magnetic counter actuation, 
register control, etc., especially where 
operate point is carefully set and in- 
frequently changed. Contacts are 
rated 1 amp non-inductive at 125 
vac. Four types of interchangeable 
cams are available to vary switching 
functions.—Farmer Electric Products 
Co., Inc., 2800 Washington St., New- 
ton Lower Falls, Mass. 


For more information circle 333 on inquiry card. 


STAGNATION- TEMPERATURE 
PROBES 
New “T-1305” Total Temperature 
Probe is available with resistance or 
thermocouple elements. Resistance 
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elements can be either metallic 
(ranges up to 1000°F) or thermistor. 
Thermocouple elements are available 
in ranges to 2800°F and usually 
show a faster response than resistance 
elements. New units employ double 
stagnation principle; are said to have 
high recovery, negligible radiation and 
conduction errors, rapid response to 
temperature changes, and complete 
insensitivity to 20° angle of attack— 
Aero Research Instrument Co., 315 
No. Aberdeen St., Chicago 7, Ill. 
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VOLTAGE & FREQUENCY 
MONITOR 


New “Over/under Voltage/fre- 
quency Monitor” incorporates maker’s 
“Regohm” regulator. Typical use: to 


























actuate an aural or visual warning 
signal when line is 5% off nominal 
voltage or frequency and disconnect 
or turn off equipment at 10% limit. 
“Percent Off” points are precisely ad- 
justable, and monitoring functions of 
any degree of compexity can be per- 
formed.—Electric Regulator Corp., 
Norwalk, Conn. 


For more information circle 335 on inquiry card. 


ELLIPSE TEMPLATES 


New “No. 400 Large Ellipse Set” 
consists of four templates, 20°, 30°, 
45° and 60° projection; are available 


PROBLEM: 








“ASSIGNMENT: ind ¢ “ Louw cout, 


ORY ate! 292i x 


St: 











\ 


— 
‘ 


“While Sine Simms 0 os HYDRYER __ 


“Bulletin 160.08 


ADDRESS: JF. PRITCHARD & COMPANY of CALIFORNIA 
Dept 591.4625 Roanoke Parkway 


Kansas City. Missouri 


immediately ! 
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STEREO— 
MICROSCOPE 


With novel rapid change of magni- 
fication from 6x to 160x with wide- 
angle oculars. 

Large working distance from 334-in., 
with diameter of object field up to 
32mm. Beyond 80x magnification, the 
working distance is 15-inch. 
Uniform sharpness over the entire 
field of view. Erect, non-reversed 
image. Outstanding plasticity; easy 
on the eyes even during prolonged 
observation. 


Write for Literature 
CARL ZEISS, INC. 


485 Fifth Avenue 
New York 17, N.Y. 


Guaranteed Uninterrupted 
Repair Service 











MADE IN WEST GERMANY 








124 on inquiry card. 








COMMUNICATIONS 
SYSTEMS 
ENGINEERS 
The expanding scope of advanced 
communications projects has 
created several unique positions 
in fields related to VHF, UHF, 
microwave transmission and 
reception, forward scatter and 
single sideband applications 
at Hoffman. Electronics engineers 
with appropriate backgrounds will 
find these new assignments profes- 
sionally stimulating and financially 
rewarding. Please address Vice 
President of Engineering: 


LABORATORIES, INC. 

A SUBSIDIARY OF HOFFMAN ELECTRONICS CORP. 
3761 South Hill St., Los Angeles 7, Calif. . 
Telephone : RIchmond 9-4831. > 
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individually (Nos. 420, 4380, 445 and 
460) or as a set. Each template has a 
range of 2” to 6” major diameter, in 
increments of 4”.—Rapidesign, Inc., 
Box 592, Glendale, Calif. 
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FURNACE PERISCOPE 


New remote viewer solves problem 
of protecting operating personnel dur- 
ing the process of ingot production in 


consumable are furnaces; permits 
safe observation, through optical 
means, of travel of electrode; fits over 
furnace viewing port so that operator 
can stand safe outside a concrete bar- 
rier and study image of the electrode 
on an 8” ground glass screen through 
a safety glass window.—Special Prod- 
ucts Group, American Optical Co., In- 
strument Div., Buffalo 15, N. Y. 
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PACKAGE INSPECTOR 


New Package Inspector utilizes 
high-frequency current passing 
through entire package. All materials 
respond to this current in proportion 
to their own electrical properties, as 
well as to volume of materials pres- 
ent. Thus, new device checks for 
weight, volume, presence or absence 
of cap or attachment, etc. It is pos- 





sible also to single out certain mate- 
rials inside a complicated package, 
and determine if they are present in 
wanted quantity, ignoring other mate- 
rials in the package. Note: metal con- 
tainers closed on all sides cannot be 
checked.—Photobell Sales Corp., 43 
Vesey St., New York 7, N. Y. 


For more information circle 338 on inquiry card. 


ULTRAVIOLET INSPECTOR 


New “Mineralab” fluorescence 
analysis cabinet for rapid identifica- 
tion under uv radiation is a self- 


contained unit for field or lab analy- 
sis; contains both short- and long- 
wave uv lamps as well as white light 
for comparison. Doors on side allow 
specimens to be slipped into cabinet’s 
“darkroom” A microscope can be 
mounted on front platform.—Ultra- 
Violet Products Inc., 5114 Walnut 
Grove Ave., San Gabriel, Calif. 


For more information circle 339 on inquiry card. 


TENSION INDICATOR 


New “Saxl Tension Meter” causes 
a novel electrical contacting device to 
call attendant by flashing a light 





cil 
when tension goes above or below 
pre-set limits. Illustration shows ten- 
sion annunciator attached to new 
“Saxl Tension Meter.” Setting screws 
ean be adjusted so that lever makes 
contact at any desired tension.—Ten- 
sitron, Inc., Harvard, Mass. 


For more information circle 340 on inquiry card. 


Simply insert tube, then weld! No wonder Parker Weld-lok tube fittings are 
so easy to use .. . by anyone, anywhere. You don’t need special gripping fix- 
tures. A tapered socket aligns and holds the tube. The permanently welded joint 
is unaffected by vibration, shock, or thermal distortion. Especially good under 
extreme temperature or corrosion conditions. 


Use Parker Weld-lok fittings 


for tubing % through 2° 0O.D. 

































































Cutaway view of Weld-lok tube fitting 
shows detail of the simple design. All 
commonly used connectors and body 
shapes are offered in steel and stainless 
steel. Send for Catalog 4370 listing 
shapes, sizes. 


Intru-lok fittings are easy to use for 
copper instrumentation lines. Just insert 
the tube, then tighten the nut with a 
regular wrench ... for a leakproof vibra- 
tion-proof joint. Also used with plastic 
tubing. Send for Catalog 4324. 


TUBE AND Hose FITTINGS DIVISION 
Section 424-K f 
The Parker Appliance Company, 17325 Euclid Ave., Cleveland 12, Ohio 


Por 


ker 


Hydraulic and fluid 
system components 


For more information circle 125 on inquiry card. 
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and 
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Radiation Pyrometry 


A heated object emits radiant energy in the form of heat 
and light rays. The lens of the radiation detector focuses 
these rays upon the detector’s thermopile. The thermopile 
—an assembly of very small thermocouples wired in series 
to multiply the emf—converts the radiant energy into an 


= 


recording 
instrument 








hot object lens 
thermopile 




















compensotor. 


emf which is translated into a temperature reading by a 
millivoltmeter or potentiometer type of instrument. Charts 
and scales are not evenly graduated because the emf gen- 
erated by the thermopile increases exponentially as a 
power of the temperature of the hot object .... 
Brown Radiamatic units are calibrated under black 
body conditions. A black body is defined as one which for 
a given temperature radiates the maximum amount of 
heat energy. It is usually illustrated by considering a hol- 





Electronik 
potentiometer 


high range 
RADIAMATIC 








finned cooling 
fitting 





both level 





transformer 











low enclosure wherein all objects are at a uniform temper- 
ature. If a radiation pyrometer is sighted upon the inner 
surface of such an enclosure, it will receive the maximum 
amount of radiant energy, for the existing temperature. 
(From new 28-page Catalog C93-1, Minneapolis-Honey- 
well Regulator Co., Industrial Div., Wayne & Windrim 
Aves., Phila. 44, Pa. 


For this literature 
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Va por Fractometer 


The illustration shows the instrument schematic of the 
Vapor Fractometer. Helium, the carrier gas, is supplied 


COLUMN 


DVEN 
CHAMBER 


Way 


OLENOK 
VALVE ALVE 
semen DETECTOR 
uQuid 


PRESSURE GAUGE SAMPLING 
VALVE 





CARRIER 


So — 
SUPPLY 


. 
FLOW METER GAS 
SAMPLING 
PRESSURE REGULATOR VALVE 
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Briefs 


For this literature 
circle number on 
inquiry card. 


from an external gas bottle. The carrier gas passes 
through a flow meter and then by the reference side of the 
detector before the point of sample injection. At the point 
where the sample is introduced a small flash heater is 
provided to vaporize the sample immediately. Carrier gas 
and sample vapor then pass through the column and into 
the sensing side of the detector. The reference and sensing 
sides of a thermal conductivity cell are incorporated into 
a balanced bridge circuit. When a thermal conductivity 
difference occurs between the sides of the detector, the re- 
sulting bridge unbalance provides a voltage which drives 
a standard strip chart recorder .... (From new 16-page 
bulletin, The Perkin-Elmer Corp., Norwalk, Conn.) 


For this literature circle 402 on inquiry card. 


Digital Voltmeters 


The digital voltmeter operates essentially as a. self-bal- 
ancing digital potentiometer with a high input impedance. 
In those instruments having automatic decimal position- 
ing, the unknown input voltage is applied to a voltage 
divider network on the range unit. This unit selects a volt- 
age from the divider network according to the range of 
operation and transmits this voltage to one side of the 
chopper, simultaneously closing the corresponding lamp 
circuit to illuminate the correct decimal point in the read- 
out display. When range switching is not required, the 
unknown input voltage is applied directly to the chopper 
... (From new 28-page Catalog 356, Non-Linear Systems, 
Inc., Del Mar Airport, Del Mar, Calif.) 


For this literature circle 403 on inquiry card. 


Analog Computers 


Frequently, a customer will ask us to recommend an as- 
sortment of GAP/R modules for the construction of a com- 
puter to solve undefined problems. This is in contrast to 


GENERALIZED ASSORTMENTS OF K3 MODULES 
Computing Equipment Assortment 
Central Signal Component 
Central Response Component 
Adding Component 


17) 


Differentiating Component 
Augmenting Differentiator 
Backlash Component 
Integrating Component 
Augmenting Integrator 
Unit-lag Component 
Squaring Component 
Square Rooting Component 
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the customer who has groups of problems with well: de- 
fined similarities. For the latter, a specific assortment of 
units can be listed. For the former, a generalized assort- 
ment must be assembled ... (From “The Lightning Em- 
piricist,” Issue. No. 5, Geo. A. Philbrick Researches, Inc., 
230 Congress St., Boston 10, Mass.) 


For this literature circle 404 on inquiry card. 








CRESCENT 


IMPROVED 
CABLED 
TUBING 


_for_use with 
INSTRUMENTS 
and 
PROCESS 
AX CONTROL 
\ EQUIPMENT 


ANS edd | Whe 


ti (Wy, 
NN LE Wy, 
YW 
A 
| CF 


- Copper | CRESCENT 
- Alamioum ARMORED 


. Steel cf “ 
. Polyethelene Zy MULTITUBE 


Also Special yy Carries Air, Gas or Fluid 


Construction Z CRESCENT ARMORED MULTITUBE* is a group 
of from 2 to 37, 1/4", 34", and |/." O.D. copper, 

for “os aluminum, steel or polyethylene tubes spirally 
Underground Runs cabled together to permit bending without dis- 
tortion. These tubes are completely protected 

Substantial savings on installed cost on mod- from injury during and after installation by a 
erate to long runs with complete dependability flexible, interlocked, galvanized steel armor. One 
maa eh cHeSCENY fin euch eer ight he eo, 
makes identification of any tube an easy matter. 


tinuous lengths up to 1000 feet, thus saving waste : or 
and short ends. Corrosion resistant constructions This product is licensed under U. S. Patent 
2,578,280. *Registered Trade Mark 


are also available. 


SEND FOR BULLETIN 356-A GIVING COMPLETE INFORMATION AND ENGINEERING DATA 


CRESCENT INSULATED WIRE & CABLE CO. 


Trenton 5, New Jersey 
For more information circle 126 on inquiry card. 
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Always the best of the better gauges, Mastergauge has been given 
blus features that further lengthen its lead. 

A still better tube construction: Socket, tube and end piece are 
now all fused into one leak-tight unit by the new Marsh “Conoweld” 
process. 

A still better case: New copper clad wrought steel ‘“Marshalloy” 
case has the corrosion resistance of pure copper; weighs one third 
as much as cast iron, and is four times as strong. 

An even finer movement: Further refinements are added to the 
rugged, corrosion resistant, virtually frictionless stainless steel and 
monel Mastergauge movement. A typical refinement 
is the “coined” (extruded) sector gear which 
contributes extra strength and precision. 


JAS.P MARSH | 
PIN gn 


Where only the best is good enough—in the most } 
critical industrial refinery and oil country services | 
—‘‘Mastergauge”’ is your instrument. | 
J 


WRITE FOR NEW CATALOG oe3 


MARSH INSTRUMENT CO, Soles affiliate of Jas. P. Marsh Corporation 
. Dept. 42, Skokie, Il. 
Houston Branch Plant: 1121 Rothwell St., Sect. 15, Houston, Texas 


Marsh Instrument & Valve Co. (Canada) Ltd., 8407 103rd St., Edmonton, Alta. 
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CUSTOM MANUFACTURE of SMALL PARTS 


instrument Pivots 

e As separate items or mounted in components—special steel, heat 
treated for maximum hardness, polished, metallographic finish. To 
specifications up to ¥%" diameter. 

Shafts and Staffs 

e Burrless, plain or alloy steel, heat treated to specifications. Metal- 
lographic finish. 

e Tubular Products up to ¥%’ Diameter, Cut, Flared, Swaged, Formed 
and Burr-Free. Alloy or Silver Plated 

e Screw-Machine Products up to ,’’ Diameter 

SERVICES FOR CUSTOMERS’ PARTS 

e A Multitude of Services are Available for Customers’ Parts at Any 
Stage of Manufacture. These Include: Controlled-Atmosphere Heat- 
Treating, Centerless Grinding, Surface Grinding, Special Facilities 
for Ceramic Rods and Shapes, Knurling, Thread-Rolling to close 
tolerances, Swaging, Drilling, Milling, Burr Removing, Metallographic 
Polishing, Barrel-Plating in Alloy or Silver, light Punch-Press Work. 


SPECIALTIES 

e “Welton” noncorrosive paste solder for hairsprings or similar 
soldering. 

e “Wentonoil” treated bottonwood pith for lubricating instrument 
pivots. 


APPARATUS DESIGN SERVICES 
e In Connection with the Design and Fabrication of Precision Minia- 
ture Parts. 


ENGINEERING ASSISTANCE ON ALL ITEMS 


VVelton V. Johnson 
ENGINEERING COMPANY tn 

PPASUMMIT AVENUE ° SUMMIT NJ 
For more information circle 128 on inquiry card. 
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Servo Motors 


In a servo system, the output of an error-sensing device 
is fed, after amplification, to the control winding on the 
servo motor stator. This varies the electro-magnetic field, 
thus controlling the speed and torque of the rotor. The 
servo motor, therefore, responds to the output of the error- 
sensing device. It acts to reposition the controlled object to 
the position indicated by the position signalling device... 
Typical applications of servo motors (include) direct 
plate-to-plate servo motor drive, transistor servo, ampli- 
fier drive, and magnetic amplifier drive. 


For high torque outputs, where reliability is required in 
rugged environments, magnetic amplifier applications are 
desirable. The input impedance of the control winding of 
the servo motor shown (113E1Y) is such as to allow oper- 
ation with an ingut voltage of 57.5 volts. This design per- 
mits extremely low temperature drifts and great reliabil- 
ity over the entire range of environmental temperatures. 
(From new 10-page Bulletin 385, Norden-Ketay Corp., 
Precision Components Div., Jericho Turnpike, Commack, 
L:4, Nees) 
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Industrial Counting 
and , 
Control Instruments 


COUNTING STRIP 


@ STANDARD COUNTERS ss hundreds of models .... 
preset counters and totalizers. 

@ SPECIALIZED COUNTERS 
permits reasonable prices. 

@ PLUG-IN STRIPS — to use in your own applications. 
Low heat, long-life counting tubes and conservative design 
provide Reliability in use — over a year in constant opera- 
tion without any servicing has been reported by satisfied 


modular construction 


industrial customers. 


PRESET COUNTER 


For information on various inputs, outputs, and counting units 
(up to 20,000 counts per second). . . write for Industrial Bulletin 


— Edition II. ae 
Sales Representatives in principal cities. 


GARD GE PAtomic) 


Baird— Atomic, Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS 
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Bandrive Movement 


BANDRIVE pressure gages incorporate a new concept 
in transmitting linear motion. Deflection of the Bourdon 
tube or pressure cell is transmitted to the indicating point- 
er of the gage without gears ... The heart of this new 


gearless type movement is the utilization of the patented 
long-deflection constant-force spring . . . BANDRIVE’s 
inherent features eliminate backlash and lag between 
prime mover and pointer... (From new 4-page Bulletin 
403, Instrument and Systems Div., Norden-Ketay Corp., 
Wiley St., Milford, Conn.) 


For this literature circle 406 on inquiry card. 


Chemical and Physical Tables 


Absolute temperature—Temperature reckoned from the 
absolute zero. 

Absolute zero—The temperature at which a gas would 
show no pressure if the general law for gases would hold 
for all temperatures. It is equal to —273.18°C or 
—459.72°F. 

Acceleration—The time rate of change of velocity in either 
speed or direction. 

Acceleration due to gravity—-The acceleration of a body 
freely falling in a vacuum. The International Committee 
on Weights and Measures has adopted as a standard or 
accepted value, 980.665 cm/sec? or 32.174 ft/sec?. 


LOW COST 
SWITCHES 


FOR ALMOST ANY ELECTRICAL PRODUCT 





Low-priced Stackpole slide switches provide 
practically any needed switching arrangement 
for appliances, instruments, ra- 

dios, TV sets, small motors and 

electrical toys. They’re sturdy, 


fully dependable, small in size. 


22 STANDARD TYPES 
Types from.5 to 3 amperes A.C. 
Underwriters approved. Write for 
Slide Switch Bulletin RC-9B to: 

Electronic Components Division 


STACKPOLE CARBON CO. 
St. Marys, Pa. 


Fixed and Variable Resistors e Iron Cores e Ceramag' ferromag 
netic Cores e Molded Coil Forms e “GA” low-value Capacitors: 
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FOR 
MEASURING 
RADIOACTIVE 
EMISSION 











8.3 x 6.5 x 3.5 cm. Weight 0.17 kg. | 
LINDEMANN-RYERSON ELECTROMETER 


Was first used for photo-electric measurements. Is now used in con- 
junction with ionization chambers for the determination of radio- 
active emission. Compact, sturdy, high sensitivity, stable zero and 





requires no leveling. Capacitance is about 3 cm. Includes improve- 
ments developed by the Ryerson Laboratory. 


OTHER CAMBRIDGE INSTRUMENTS 


GAMMA-RAY 
POCKET DOSIMETER 


is a personnel monitoring instru- 
ment to measure cumulative ex- 
posure to gamma or x-rays over 
a given period. Contains an 
ionization chamber; a quartz 
fibre electrometer and viewing 
system. 


“CHANG AND ENG” 
FAST NEUTRON DETECTOR 
follows closely original design of 
U. S. Atomic Energy Commis- 

sion. 


Consists of twin ionization 
chambers, Lindemann Electrom- 
eter, reading microscope and 
dry cells. Self-contained. 


PRECISION IONIZATION METER 
(Failla Design) 

A complete instrument for null 

methods of radioactivity meas- 

urement where background radi- 

ation effects must be eliminated. 


Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC. 


3526 Grand Central Terminal, New York 17, N. Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
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WANTED: 
Timing 
Problems 


Chances are an economical 
stock timer (like these from 
Cramer’s unusually flexible 
line) will meet your needs: If 
not, our engineers will be glad 
to work with you on specific 
problems. Write: Cramer 
Controls Corporation, Box 
5, Centerbrook, Conn. 6.12 


RUNNING TIME METERS measure 
elapsed time intervals. Available 
to register in seconds, minutes, 
hours, and tenths of same; elec- 
trical stop clocks for smaller time 
intervals. 


TALK IT OVER WITH CRAMER 


NEW INTERVAL TIMER, Type 241, 
features 12 full-scale time ranges 
from 6 seconds to 24 hours, easy- 
to-read dials. Provides push- 
button start, automatic stop and 
reset after timed interval. 


NEW TIME-DELAY RELAY, Type 
412, also with ranges from 6 sec- 
onds to 24 hours, closes (or opens) 
a circuit at timed interval after 
closing control circuit. Nine po- 
sition terminal block. 


CRAMER CONTROLS 


CORPORATION 
(Formerly R. W. Cramer Co.) 6.12 
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INSULATED WIRE 


that will withstand 


eg 








Available in outside diameters 
of .04 to .32. 


One or more wires insulated 
with a pure mineral swaged 
into a metal tube. 


Can be sharply bent. 


Sheath can be welded without 
loss of insulation. 


Available in a _ variety of 
sheath metals with thermocou- 
ples and other wire materials. 


Complete thermocouple probes 
available using this material 
made to your requirements. 


Write for Bulletin M-1 


INSTRUMENT COMPANY, INC. 


315 NO. ABERDEEN STREET, CHICAGO 7, iLtinvlSs 
Sales Representatives throughout the United States and Canada 
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JEWELS... 


INDUSTRY... 
By MOSER JEWEL COMPANY, 


pioneer industrial jewel 


‘manufacturer for over 50 years. 


@ HIGHLY POLISHED STEEL 
PIVOTS AND STAFFS 


HARD ALLOY WELDED TIPS 
NON-MAGNETIC STAFFS 
DIAMOND POINTS 


FOR INFORMATION ON HOW 
WE MAY FILL YOUR REQUIREMENTS 


Write to... 





MOSER JEWEL COMPANY 


P.O. Box 150 © Perth Amboy, N. J. 


**Manufacturers of all types of Industrial Jewels” 
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Acids—are substances whose molecules ionize in water 
solution to give the hydrogen ion from their constituent 
elements. The strength of an acid is proportional to the 
concentration of hydrogen ions present. 

Beats—Two tones of slightly different frequencies sounded 
together interfere to give a sound of regularly varying 
intensity. The number of beats per second is the differ- 
ence in frequency of the two tones. 

Black body—If, for all values of the wave length of the 
incident radiant energy, all of the energy is absorbed, 
the body is called a black body. 

Boyle’s law for gases—At a constant temperature the 
volume of a given quantity of any gas varies inversely 
as the pressure to which the gas is subjected. 

Capacitance—is measured by the charge which must be 
communicated to a body to raise its potential one unit. 

Catalytic agent—A substance which by its mere presence 
alters the velocity of a reaction, and may be received 
unaltered in nature or amount at the end of the reaction 
... (From new 124-page catalog “Tables and Data’, 
United States Testing Company, Inc., 1415 Park Ave., 
Hoboken, N. J.) 


For this literature circle 407 on inquiry card. 


Scale Feeders 


Material flows onto a constant speed endless weigh-belt 
where it is carried over a scale section before discharging. 
The beam of this scale is the sensing element. The beam 
controls the flow of material onto the belt keeping the 
flow constant by weight. One type of Merchen Feeder is 
operated by means of an electro-mechanical system, in 
which deflections of the scale beam energize an electric 





Frequent time adjustments are no problem with the dial head 
available on AGASTAT time/delay/relays. They provide a com- 
plete range of adjustment with 1 revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you can spot each of the 4 timing ranges quickly because they 
are color coded: blue from 30 seconds to 15 minutes; red from 
10 seconds to 2 minutes; yellow from 0.1 to 10 seconds; white 
from 0.1 to 3 seconds. 

Like all AGASTAT relays, units with dial heads are sole- 
noid actuated, pneumatically timed. Each model is available 
with either dial head or needle valve adjustment. Where fre- 
quent readjustment of timing is necessary, dial head adjustment 
should be specified. For bulletin on all popular AGASTAT time 
delay relays, write to: Dept. A28-29. 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 
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clutch to adjust the size of the opening in the feed section 
... (From new 8-page Bulletin TA-1002, Wallace & Tier- 
nan, Inc., 25 Main St., Belleville 9, N. J.) 


For this literature circle 408 on inquiry card. 


The Evaporograph 


The heart of the Evaporograph is a nitrocellulose mem- 
brane so thin that it reflects white light as a color, similar 
to the action of oil film on water.... Features: rapid pro- 
duction of two-dimensional heat picture from object’s own 
infrared radiation . . . highly accurate temperature de- 
terminations over an entire surface ... no physical con- 
tact or auxiliary illumination required... 

When the clearing light is turned off, an oil film will 
immediately begin to build up. This condensation will be 
uniform, if the instrument shutter is kept closed to elimi- 
nate radiation from the field of view. The rate of conden- 
sation of this film is determined by cell heater setting. 
Viewed through the eyepiece the condensation process is 
evident as a series of colors. The membrane without oil 





+ source for 


ur bes 
omaAR is y LAYS 
“en ve REF 


Standards and 
Specials for 
All Applications 
e 


When you need telephone type 
relays, Comar is the place to get them. 
We have the engineering 
know-how and 
manufacturing ¢ 
facilities to serve 
you best. Send 
for details. 








OMAP cvecteic COMPANY 


3349 ADDISON STREET, CHICAGO 18, ILLINOIS 


RELAYS- SOLENOIDS: COILS- SWITCHES: HERMETIC SEALING 
For more information circle 136 on inquiry card. 


AUTOTRON 
PHOTOELECTRIC 
CONTROLS 


«¢ The hk YES 


of Automation 


For Every 


PURPOSE 
ORK ronan = : bi < : 
Wi 


We 


i to es St oe 

~ z 4 : 
ine va conerace 
New catalog describes 
normal, high speed, Applications shown include automatic 
ultra sensitive and im- control of conveyors, inspection, carton 
pulse actuated photo- sorting, smoke and fire detection, die 
electric controls with _ protection, counting, weighing, limit con- 
safety relays, warm trol, tension control, car washing con- 
up protection, etc. — trol, piling to exact count, safety control, 
Also photoelectric conveyor traffic and jam-up control, tim- 
timing controls, and jng control, control of spraying equip- 
wide seletcion of light. ment, ramp traffic control and others, 


sources with many AUTOTRON, INC. 





protective features. 
Send for your 722-9W Danville, II. 
Representatives in Principal Cities 





personal copy 
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WATT 
SERVOMOTOR 








THIS NEW SERVO HAS 32 OZ. IN. 
STALL TORQUE AND UNEXCELLED 
TORQUE TO INERTIA RATIO: 

50000 RAD PER SEC.” 
WRITE FOR ILLUSTRATED FOLDER 


WITH COMPLETE SPECIFICATIONS. 








ELECTRIC COMPANY, INC. 


6 E K e bs 1327 S. Main St., Los Angeles 15, Calif, 
Dept. B-! 
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NEY’'S SMALL PARTS PLAYA BIG PART IN PRECISIO 


PLAY A BIG PART IN PRECISION INSTRUMENTS2Z 


Consult Ney’s Engineering 
Dept. on any problem 
involving precious metals to 
improve your products. 


THE J. M. NEY COMPANY 
P.O. BOX 990 DEPT. F HARTFORD 1, CONN. 


Specialists in Precious Metal Metallurgy since 1812 


NEWS SMAcu PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS 


NEY’S SMALL PARTS 


ror Mure imMornnanon civie t$¥ ON iNQuily Cara. 








conax 


PACKING GLANDS 


USING "SOFT" SEALANTS 


CONAX Packing Glands 


UNIVERSAL compress the “‘soft’’ seal- 
Any bore size available ant against any kind of 


from 1/16"' to %"" diameter iclaaote, pe con Sa 


. ¢ Temperature range: 
—300°F to +1850°F. 
ww 


¢ Pressure range: 
SEALS WIRES vacuum to 7500 psi. 


¢ Non-destructive to 
sealed element 
Senetetty adjustable 


SEALS THERMOCOUPLE WELLS immersion 

Stainless steel 
construction 
Available ‘'soft'’ seal- 
ants Neoprene, Teflon, 
Lava and Asbestos- 
Graphite 


Delivery from stock 











SEALS TUBE ENDS 





WRITE FOR CONAX DATA 
BOOK SHOWING COM- 
PLETE LINE OF THERMO- 
COUPLE ASSEMBLIES AND 
PRESSURE SEALING 
GLANDS. 


COMM Sorporstion | ay. 
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OBSERVER 
~ 
FIGURE | : — EYEP! 

80% REFLECTING EYEDESe 
MIRROR 
ILLUMINATION 
FOCUSING ROBOT 


CAMERA \ 


( 
NY 
BAFFLE 
IMAGE / HEAT 


TO VACUUM FORMING ABSORBING | 
PuMP4 LENSES eLass | 


CLEAR 








ye: | 
Kee ‘— 
SAAN J SAAS COLLIMATION 
FOLDING NW 2ND FOLDING LENS 
MIRROR MIRROR 50% REFLECTING 
window MEMBRANE ‘nese MIRROR 
winDow 

NEUTRAL DENSITY FILTER 


—— SHUTTER 
OPTICAL DIAGRAM 


| FIELD OF VIEW 


appears yellow. As oil deposits, the color changes to or- 
ange, then red, purple, dark blue, light blue, light green, 
and then greenish-yellow (second order). These colors are 
the interference colors ... (From new 12-page Bulletin 
RD-515, Baird Associates-Atomic Instrument Co., 33 Uni- 
versity Rd., Cambridge 38, Mass.) 


For this literature circle 409 on inquiry card. 


SALT SPRAY 
FOG TEST CHAMBER 


et MIL-E-5272A4 





FRONT OPENING 


WALK-IN ; 
0] AA a Rede 
DEVELOPMENT ENGINEERING COMPANY 


Manufacturers of Environmental Test Equipment 
Fungus Testing - Cold - Heat - Altitude -. Humidity 


9 Cross Street @ Norwalk, Connecticut 
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e a 
Air Gaging 

Principle of operation is exactly the same in multiple as 
in single column instruments . . Air flows upward 
through a vertical internally tapered, transparent glass 
column in which a metal float moves up and down accord- 
ing to the flow of air. 

The air flows out through a plastic or rubber hose to the 
gaging spindle, Airsnap or other device. Velocity and vol- 
ume of the air flow are determined by the clearance be- 
tween the gaging device and the part being gaged, and are 


ft) CONDUIT 


prs 
BUMPER —— - af MAX. SETTING RING 


WIGH FLOW RATE 
FLOAT Me 


PRESSURE REGULATOR 


VALVE 
\ 





MIM. SETTING RING 
LOW FLOW RATE 


te 
pr. 


indicated by position of the float in the column. The float 
rises as flow increases—float falls as flow decreases. 

A gaging spindle similar to a plug gage having a cen- 
tral air passage and diametrically opposed air jets, gages 
the true diameter of a hole. Two master setting rings hav- 
ing internal diameters equivalent to the minimum and 
maximum tolerance limits, enable the Precisionaire to be 
calibrated for correct amplification and the limit markers 
to be properly set. (From new 12-page Catalog IPC 6-56, 
The Sheffield Corp., Dayton 1, Ohio) 
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the meter with the 
tell-tale TAB... 


Wererrrery 


No one can mistake what gas the Waukee § 
FLO-METER is measuring — because ay 
Waukee TAB with large RED letters is 
affixed to the bottom of the scale and shouts 
to your operator whether the meter is mea- § 
suring hydrogen, ammonia, or any other gas. | 
TABS are available for all gases listed below, r 
and many others — an exclusive Waukee 
feature. i 
Waukee’s TABS, built-in Control Valve, 0 
panel-mounting design, 5-minute cleaning, § 
large easy-to-read scale — all mean simple 1 
installation, clean appearance, accurate oper- 
‘ation. Time and money-saving features. i 
Complete information in Bulletin 203. Write 
for it. Waukee Engineering Company, 5137 J 
North 35th Street, Milwaukee 9, Wisconsin 
For measuring: air — ammonia — dissociated ammonia 
— argon — butane — city gas — endothermic cracked 


—exothermic cracked — forming gas — helium — hy- | 
drogen — natural gas — nitrogen — oxygen — propane. 








FILTER 














Oe a ee ee 
INDUSTRIAL WASHING MACHINES 
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Check and calibrate any type 
of thermocouple-actuated 
temperature instrument 
with one portable Pyrotest 


Read temperatures 
or millivolts directly 
... without graphs, 
charts or con- 
version tables 


@eeeeeeoeeeeeose @eeeeeeeeeeeeee 


The only portable 
potentiometer 
pyrometer with 
interchangeable 
direct reading 
scales 


Pyrotest is 9 instruments in one, with 6 standard 
scales for thermocouples; 3 standard scales for milli- 
volt readings. Special scales for any desired reading 
or use. Scales interchangeable in 30 seconds. Com- 
pact, rugged, easy to carry—12 Ibs.; 12” x 9” x 82”. 
Accurate to 1/6 of 1%. Self-contained power supply. 
Write for new bulletin 9B. 

TECHNIQUE 

ASSOCIATES 


211 E. SOUTH STREET 
INDIANAPOLIS 25, IND. 
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TORQUE 


applied by the inch ounce 


ACTUAL SIZE 


Available in 
these Torque Ranges 

MODEL CAPACITY 
F80-I-G 0- 80 inch grams 
F8-1-O O- 8 inch ounces 
F16-I-O 
F32-I1-O 
F80-I-O 
F160-I-O 


O- 16 inch ounces 
O- 32 inch ounces 
0- 80 inch ounces 
0-160 inch ounces 


Inch pound models and larger 
foot pound ranges also available 


sent on request 


PA /SIurrevanT [co 
ADDISON [QUALITY / /L LINOIS 
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€€7072 ELECTRONIC 


Weighs heavy loads sus- f, 
pended from crane hook. 
Printer, located in crane 
cab or other convenient 
location, records weight 
on tape or cards. New 
compact printer only 
22” x 18” x 1014". 
Entire assembly de- 
signed for prompt and 

} easy installation. Now 
available at new low 

cost. Capacities 5 10 15 


tons 


Write for 
free Ametron 
Brochure 11 


STREETER-AMET CO. 


Grayslake, Illinois 


Branches in Detroit, Allentown, 
Birmingham and Los Angeles. 








CHOPPERS 


For 60 Cycle Use 


Built to rigid 
commercial 
specifications. 


Twenty-two types, 
both single and 
double pole. 


Long life. 

Low noise level. 
Extreme reliability. 
Write for 

Catdlog 370. 


STEVENS 


INCORPORATED 
ARNOLD 


22 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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Specific Gravity I ndicator 


The Petrometer Indicator No. 1561 is a remote reading 
instrument for determining the specific gravity of liquids 

. The indicator works on the principle of a differential 
bubbler and has two (2) static pick-up tubes (one a pre- 
determined distance above the other) within the vessel 
containing liquid subject to test. 


(C2 COMPRESSED AIR 


—_ AIR 
OVERFLOW 
RESERVOIR — 


_TANK 














INDICATING 
MEDIUM 
(SP. GR.=M)\ 














WELL - 


The indicating system consists of a combined vertical 
and inclined manometer equipped with an adjustable well 
and safety overflow. It has two identical air bubbler gen- 
erators, each consisting of a flowmeter and needler valve, 
one for the upper and one for the lower set of static tubes 
... (From new 4-page Bulletin 7004, Petrometer Corp., 
43-22 Tenth St., Long Island City 1, N. Y.) 
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new SCHERR 


TOOLMAKERS MICROSCOPE 


WITH INTERCHANGEABLE 
DIAL TEMPLETS AND OCULARS 


Reading 
@ Angles 
in Minutes 


Tkread Templets 

for U.S. National 

Thread Profiles- 
6-80 Pitch. 

Radii Templets, etc. 


\ 


LARGE 
MICROMETER 
DRUMS READ 

DIRECTLY IN .0001” 
Measuring Range 
2” x 1-1/2” 
and other sizes 


A moderately 
riced 


P 
PRECISION 
MEASURING 
TOOL 


for Toolroom 


and Inspection | 


WRITE FOR CATALOG—Code YGIIQ 


e] Te) {ei = SCHERR CO., Inc. 


COMPLETE LINE OF RECISION INSTRUMENTS 


200-MG LAFAYETTE STREET © NEW YORK 12, N.Y. 
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Digital Indicator 


The operation of the UNION Digital indicator is based 
on a positioning system utilizing a four-bit binary code. 
Ten character positions of a possible sixteen are used. The 
relation of the visible character to its code for the stand- 
ard Digital indicator is the direct translation of binary 
coded decimal notation to decimal... 

The indicator is internally powered by a small D.C. 
permanent magnet motor. A mismatch between a trans- 


mitted code and that commutated by the indicator will 
complete the circuit, causing the motor to operate... The 
Digital indicator is being used in pipeline control systems, 
wherein the indicator is used for displaying and storing 
telemetered data such as temperature, pressure, flow, etc., 
in a central office ... (From new 8-page Bulletin 1011, 
Union Switch & Signal, Div. of Westinghouse Air Brake 
Co., Pgh. 18, Pa.) 


For this literature circle 





The World’s Most 
Complete Selection 


of Technical and 


sports TTMERS 


Write for the Latest 


RACINE 
CATALOG 


e 
GALLET TIMERS 
GUINAND TIMERS 


GALLET CHRONOGRAPHS 


JULES RACINE & COMPANY: 


Specialists in Fine Timers — Since 1890 


20 WEST 47th STREET, NEW YORK 36 
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MELTING POINT 
Temperature Standards 


FOR PRECISION CALIBRATION OF 
THERMOCOUPLES AND RESISTANCE 
THERMOMETERS 


Calibration to .01 C. possible 
Long dwell at melting point 
Takes 8 mm. thermometers 
Operates on 115 volts A.C. 





Mercury ® Ice 
Glauber Salt 
Sodium * Tin * Lead 
Zinc * Aluminum 


Silver * Copper 


RAM INDUSTRIES, INC. 
152 West 42nd Street 
New York City 
Wisconsin 7-2971 











For more information circle 149 on inquiry card. 


Fast! Accurate! Economical! 
GOW-MAC 
GAS CHROMATOGRAPHY 
CELLS 


Thermal Conductivity Cell 
For 225°C operation. Three models in brass 
or stainless steel to meet specialized applica- 
tions. Small internal volume, fast response, 
convenient mounting, electrical connection 
outside of bath. 





Temperature Regulated | Cell 


For operation at 
room temperature 
or 200°C. A com- 
plete T/C unit 
with brass or stain- 
less steel gas flow, 
preheater, close 
temperature regu- 
lation, rapid elec- 
trical and gas con- 


— Power Supply and 
Control Unit 
gives five minute hook-up with 
complete circuitry for these 
T/C cells. Call or write for 
catalogs or recommendations. 


INSTRUMENT tO. 


> ROAL 


For more information circle 150 on inquiry card. 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 50 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 35, N. Y. 
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NS 
a B pL NS Leakproof 
0 Metering Valves 


Hi Vacuum to 6000 PSI. 

@ “O" Rings and Teflon or Nylon 
Seats are standard. 
Over-torquing cannot damage 
seat or needle as buffer plate and 
metering pin act as a forming die. 
Impossible to score needle or 
seat. 

Lifetime Valve—can be complete- 
ly overhauled in a matter of min- 
utes without disturbing plumbing 
or mounting. 

The most economical valve in the 
long run. 


Write for further details. 
ROBBINS AVIATION 


1735 W. Florence Ave. 
Los Angeles 47, Calif. 
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an 
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New 
Literature 





AUTOMATION 


Transport Control System. New 8- 
page Brochure SPL 1052 describes 
company’s Centralized Transport Con- 
trol system (CTC) and methods of ap- 
plications—— Union Switch & Signal 
Div. of Westinghouse Air Brake Co., 
Swissvale, Pa. 

Circle 413 on inquiry card. 

Photoelectric Controls. New 4-page 
bulletin describes maker’s ‘“Robot- 
Eye” photo electric controls featuring 
miniaturized components. — Standard 
Instrument Corp., Robot-Eye Photo 
Control Div., 657 Broadway, New 
York 12, N. Y. 

Circle 414 on inquiry card. 

Photoelectronic Edge Control. Two 
new 4-page Bulletins provide informa- 
tion on maker’s “Edgetrol” photoelec- 
tronic edge guidance systems includes 
3 illustration sheets.—Intercontinental 
Dynamics Corp., 170 Coolidge Ave., 
Englewood, N. J. 


Circle 415 on inquiry card. 


MOTORS, 
SERVOS 


Servo Mechanism Components. New 
2-page Bulletin 410 describes maker’s 
high-temperature servo mechanism 
components.—Norden-Ketay Corp., 
Commerce Rd., Stamford, Conn. 

Circle 416 on inquiry card. 

Synchros. New 4-page Bulletin 409 
presents specifications of maker’s 3 
minute, Size 23 synchros.—Norden- 
Ketay Corp., Western Div., 138210 


Crenshaw Blvd., Gardena, Calif. 
Circle 417 on inquiry card. 


Servo Unit. New 2-page bulletin 
describes maker’s “BuOrd Size 10” 
miniature motor-gearhead-clutch.— 
Servomechanisms, Inc., Mechatrol 
Div., 625 Main St., Westbury, L. I., 
i oe ig 

Circle 418 on inquiry card. 

Servo Motors. New 4-page bulletin 
presents specs for low-inertia servo 
motors.—Bekey Electric Co., Inc., 1827 
S. Main St., Los Angeles 15, Calif. 

Circle 419 on inquiry card. 


Gear Motors, Counters. New 12- 
page brochure describes maker’s frac- 
tional horse power shaded pole gear 
motors and counters.— Electro Coun- 
ter & Motor Co., 1713 N. Ashland 
Ave., Chicago 22, IIl. 

Circle 420 on inquiry card. 

Servo Amplifiers. Two new 2-page 
bulletins presents maker’s line of 
servo amplifiers for 60 and 400 cps 
servo motors.—Industrial Control Co., 
Wyandanch, L. I., N. Y. 

Circle 421 on inquiry card, 
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— VALVES 


Control Valves. New 4-page Bulle- 
tin 114R pictures and describes 
maker’s air operated Saunders-type 
control valves for chemicals slurries. 
—Uniflow Valve Corp., 19 Quine St., 


Cranford, N. J. 
Circle 422 on inquiry card. 


Pinch-type Valves. New 6-page Bul- 
letin FL-116 contains illustrations 
and specs of maker’s_ pinch-type 
valves for manual or actuator opera- 
tion Farris Flexible Valve Corp.., 
400 Commercial Ave., Palisades Park, 


aN. 


Circle 423 on inquiry card. 


Valve Guide. New 20-page Circular 
No. 555 shows new LQ600 Bronze 
Globe valves, with Brinalloy Seats 
and Dises; Luncor PVC All-Molded 
Valves and maker’s Solder End Valves, 
along with tables and technical data 
information.—Lunkenheimer Co., Cin- 
cinnati 14, Ohio. 

Circle 424 on inquiry card. 


Shut-off Valves. New 4-page Bul- 
letin 500 describes maker’s shut-off 
guarding against excess flow, high 
or low pressure, or over temperature. 
—Coppus Engineering Corp., Wor- 
cester, Mass. 

Circle 425 on inquiry card. 


Combustion Safeguards. New 12- 
page Bulletin SC 1006 describes oper- 
ation and construction of maker’s 
automatic fire checks for detecting, 
localizing and extinguishing flash- 
back in mixture supply lines.—Selas 
Corp. of America, Dresher, Pa. 

Circle 426 on inquiry card. 


CP o— TEMPERATURE 


Thermistor Temperature Control. 
New 2-page Data Sheet 5 presents 
operation, applications, ranges and 
prices for themistor-actuated “Sim- 
plytrol” for temperature control or 
alarm.—Assembly Products, Inc., Wil- 


son Mills Road, Chesterland, Ohio. 
Circle 427 on inquiry card. 


Indicating Pyrometer. New 4-page 
Bulletin 64 describes maker’s poten- 
tiometer-type ‘“MiniMite” portable 
pyrometer indicator.—Thermo Elec- 
tric Co., Inc., Saddle Brook, N. J. 


Circle 428 on inquiry card. 


Temperature Regulators. Two new 
4-page Bulletins 329 and 316 describe 
maker’s “No. 11” self-operating reg- 
ulator which automatically controls 
temperature of liquids and air; Bulle- 
tin 316 describes “Accritem” regu- 
lator for controlling liquid or air tem- 
peratures in commercial and indus- 
trial processes.—The Powers Regu- 
lator Co., 3400 Oakton St., Skokie, Ill. 


ircle 429 on inquiry card, 





TIME YOUR TESTS 
IN SPLIT-SECONDS! 


ALL PURPOSE 
LABORATORY 
TIMERS 


MODELS AT 
$21.95 TO $26.95 


You can set the large 8" dial for any desired time period within 
an unusually wide range of 3600 possible settings, (ie., | sec. 
to 60 min., | min. to 60 hrs., etc.). At end of preset interval, 
alarm sounds and external load is automatically switched on or 
off. 

Gra-Lab Micro Timers, Electric Stop Clocks, are 

available in 1/10 sec. or 1/1000 min. graduations 

for split-second measurements of elapsed time in 

laboratory or production operations. Price $37.50 


WRITE FOR COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 
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212 E. Sixth St. 
DAYTON 2, OHIO 





ALL ABOUT 
ENVIRONMENTAL 
TEST EQUIPMENT 


This 20 page digest of the 
M & M line of environmental 
test equipment gives you quick 
facts on the application, per- 
formance and economies of 
Murphy & Miller equipment. 
Illustrates and describes the 
industry's most modern units— 
provides tips on selection and 
use of all types of environ- 
mental test units. Write for 
it today. 


MURPHY & MILLER, INC. 


1332 South Michigan Avenue 
Chicago 5, Illinois 


For more information circle 154 on inquiry card. 





3 


for miniature 
and sub-miniature 
parts soldering 


THERMO-TIP 


RESISTANCE SOLDERING TOOL 


Double Metal 


Biintlsnintianandisreisnt ae 


Soldering large telephone jack with Ther- 
mo-Tip Resistance Soldering Tool and low 
voltage Ideal power unit. 


Smaller, lightweight — for easy handling 
over prolonged periods of time. Ther- 
mo-Tip Tools are expressly designed as 
a production line tool. Reduces fatigue 
factor for women workers. 


Single Metal 


Pin-point accuracy. Pencil-small element 
fits into tight spots for foolproof solder- 
ing of small or miniature parts. 


Fast, sure — Thermo-Tip elements con- 
centrate high amperage current at sol- 
dering point for instant heat. Solder is 
melted by the parts to be joined—elim- 
inates “cold flow joints”, makes for 
positive union. 


Double Carbon 


Versatile attachments—a variety of Ther- 
mo-Tip elements are available for every 
precision soldering purpose. Feed-thru 
electrodes on double metal, single metal 
and single carbon attachments provide 
longer life and easy length adjustment 
for specific job requirements. 
P Sold Through America’s Leading Distributors. 
Single Carbon In Canada: Irving Smith, Ltd., Montreal 
SOSA S SSO RSS SS aS esesaseadesaqaeeeeenss 
IDEAL INDUSTRIES, INC. 
1420-B Park Ave., Sycamore, Ill. 
Gentlemen: 
Kindly send us complete catalog information of Ideal's Thermo- 
Tip Resistance Soldering Tools. 


Zone.... 
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For more information circle 155 on inquiry card. 
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Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


The Model 1025 Tele- 
meter Transmitter con- 
verts DC mv from thermal 


Accurate converters, etc., to 10-30 
HIGH-SPEED Sos 12 


ulates a built-in audio tone 


. 

Continuous channel. AC 10 to 30 cps 

or relay outputs are also 
Telemeter available. Receiver detects 

and demodulates transmit- 
ted signal, generating a 
DC mv for operation of 
recorders or indicating in- 
struments. Up to 45 tele- 
meters can be multiplexed. 

Any communication 
link, including power line 
carrier, microwave or wire 
line may be used. 

Over-all accuracy is 1% 
with a response speed of 1 
second. Equipment fea- 
tures a built-in calibration 
circuit for 10% and 90% 
receiver check, and 10 cps 


Self- 
Calibrating — og cps transmitter 
co 


Any quantity which may 
be converted into a DC 
millivoltage or will oper- 
ate a slidewire may be tel- 
emetered. 


Circuit 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100. 


Write for Technical and Application Data. 
Kado Frequency 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 


For more information circle 156 on inquiry card. 
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NEW LITERATURE 





Temperature Control. New 21-page 
illustrated Brochure GER-1206 de- 
scribes maker’s industrial furnace 
temperature control.—General Elec- 
tric Co., Schenectady 5, N. Y. 

Circle 430 on inquiry card. 

Contact Pyrometer. New 12-page 
Bulletin 4257 shows applications and 
presents specs, prices, and temper- 
ature ranges for surface-temperature 
contact pyrometer.—lIllinois Testing 
Labs., Inc,, 420 N. La Salle St., Chi- 
cago 10, Ill. 

Circle 431 on inquiry card. 


Thermopiles. New 12-page Brochure 
CH 313/5 describes Hilger-Schwarz 
Thermopiles for conversion of in- 
frared energy into electrical energy. 
—Jarrell-Ash Co., 26 Farwell St., 
Newtonville 60, Mass. 

Circle 432 on inquiry card. 


Thermostats. New 2-page Bulletin 
9000 announces Stemco Type B Ther- 
mostats for table appliances and 
Stemco Tip-Over Switches with prin- 
ciples of operation, specification data, 
ratings, etc. New 2-page Bulletin 
5000 describes “Type C”’ Thermostats. 

Stevens Mfg. Co., Inc., Lexington, 
Ohio. 

Circle 433 on inquiry card 


Pyrometer Tester. New 8-page Bul- 
letin 9B contains description of 
maker’s portable potentiometer pyro- 
meter with numerous illustrations. 
Can be used for calibrating any type 
of thermocouple-actuated instrument. 
—Technique Associates, 211 E. South 
St., Indianapolis 25, Indiana. 

Circle 434 on inquiry card. 


FLOW, PUMPS, 
LIQUID LEVEL 


Rotameters. Four new bulletins 
(116, 130, 145 and 360) present infor- 
mation and data on maker’s by-pass 
rotameters, armored rotameters, hi- 
pressure indicating, and “‘Model 3602” 
armored flow indicators.—Brooks Ro- 
tameter Co., Lansdale, Pa. 

Circle 435 on nquiry card. 


Vacuum Transmitter. New 2-page 
Catalog 70-27 describes and illustrates 
maker’s rotating vacuum transmitter 
for automatic chlorine proportioning. 
—Fischer & Porter Co., 906 Jackson- 
ville Rd., Hatboro, Pa. 

Circle 436 on inquiry card. 


Liquid Level Gage. New 2-page 
leaflet (Unit 291 Supplement) de- 
scribes maker’s new remote reading 
gages with inclined scale-— Jerguson 
Gage & Valve Co., 80 Adams St., 
Burlington, Mass. 

Circle 437 on inquiry card. 


Volumetric Feeder. New 4-page 
Bulletin 65-H12B pictures and de- 
scribes maker’s “Model 65” Rotodip 
continuous volumetric feeder for 
liquids— Omega Machine Co., Div. 
of B-I-F Industries, Inc., Providence 
he a 

Circle 438 on inquiry card. 


Electro-Caloric Flowmeter. New 4- 
page bulletin describes operation of 
electro-caloric flowmeter that mea- 
sures and totalizes flow by measur- 
ing heat transfer through boundary 


layer.—Industrial Development Labs., 
Inc., 17 Pollock Ave., Jersey City 5, 
N. J. 


Circle 439 on inquiry card. 


Hydrological Instruments. New 22- 
page Bulletin 700 contains \descrip- 
tion and pertinent.data of maker’s 
current meters, water level recorders, 
hook gages, rain gages, wind instru- 
ments etc.—W. & L. E. Gurley, Indus- 
trial Div., Troy, N.Y. 

Circle 440 on inquiry card. 


Fluid Proportioneer. New 4-page 
bulletin 1140 describes maker’s “Model 
1140” chemical proportioning pumps. 
—Proportioneers, Inc., Div. of B-I-F 
Industries, Inc., 345 Harris Ave., Prov- 
idence 1, R. I. 

Circle 441 on inquiry card. 


Liquid and Gas Control. New 36- 
page General Catalog No. 005 covers 
the equipment for measurement and 
control of liquids and gases, illustrat- 
ing types of controllers, gages, man- 
ometers, recorders, meters, valves, 
etc.—Simplex Valve and Meter Co., 
Lancaster, Pa. 

Circle 442 on inquiry card. 


Eductors. New 2-page Bulletin Sup- 
plement 2M-PVC describes and illus- 
trates maker’s polyvinyl chloride “Fig. 
264” eductors for liquid pumping and 
mixing operations.—Schutte and 
Koerting Co., Cornwells Heights, 
Bucks County, Penna. 

Circle 443 on inquiry card. 


Pumps. New 4-page Bulletin 856-2 
describes and illustrates maker’s 
“Little Giant” pumps for low volume, 
medium pressure, chemical metering 
applications. 2-page Bulletin 856-1 
presents “Mity-Mite” auxiliary series 
of chemical metering pumps for low 
volume, boiler chemical feed appli- 
cations.—Orchem Pumps, Inc., 4434 
Salmon St., Phila. 37, Pa. 


Circle 444 on inquiry card. 


Chlorinizers. New 4-page Bulletin 
840-N10 gives schematic illustration 
of maker’s chlorine gas feeders, and 
describes operation, control varia- 
tions, ete.— Builders-Providence, Inc., 
Div. of B-I-F Industries, Inc., Prov- 
idence 1, Rhode Island. 


Circle 445 on inquiry card. 


u PRESSURE, 
Es WEIGHT 


Pressure Gages. New 2-page leaflet 
shows features of new safety gages 
with cast partition between mechan- 
ism and dial. Lists available sizes, 
prices, and types.—Weksler Thermo- 
meter Corp., 195 E. Merrick Rd., Free- 
port, L.I.,. N.Y. 


Circle 446 on inquiry card. 


Strain Gages. New 16-page price 
list contains all information for the 
selection of SR-4 strain gages, and 
methods of using them; also new 
types of flat grid, fine pitch, bakelite 
gages.—Baldwin-Lima-Hamilton Elec- 
tronics and Instrumentation Div., 42 
Fourth Ave., Waltham 54, Mass. 

Circle 447 on inquiry card. 


Pressure Gage Snubbers. New 4- 
page Catalog 4395 presents maker’s 
fluid system specialties including tube 
clips, dual heat transfer coil, pressure 
gage snubber, and draft gage manifold 
valve-—The Parker Appliance Co., 
17325 Euclid Ave., Cleveland 12. Ohio. 

Circle 448 on inquiry card, 





Electronic Load Cell Scales. New 
4-page Bulletin 2970 describes and 
illustrates maker’s electronic load cell 
scales for remote indication and re- 
cording of weights.—Toledo Scale Co., 
Toledo, Ohio. 

Circle 449 on inquiry card. 


Pneumatic Transmitter. New 4-page 
bulletin illustrates pneumatic force- 
balancing transmitter for temper- 
ature, gage or absolute pressure.— 
Minneapolis-Honeywell Regulator Co., 
Industrial Div., Wayne and Windrim 
Ave’s., Phila. 44, Pa. 

Circle 450 on inquiry card. 


Scale Feeder. New 4-page Bulletin 
TP-6-M pictures and describes maker’s 
Merchen pneumatic scale feeder.— 
Wallace & Tiernan, Inc., 25 Main St., 
Belleville 9, N. J. 


Circle 451 on inquiry card. 


Pressure Pickups. New set of 20 
two-page data sheets for F3 catalog 
present specifications for maker’s 
pressure pickups.—Wiancko Engineer- 
ing Co., 255 N. Halstead Ave., Pasa- 
dena, Calif. . 


Circle 452 on inquiry card. 


Pressure Intensifiers and Pumps. 
New 30-page catalog presents specs 
for maker’s line of high-pressure in- 
tensifiers and pumps.—Harwood En- 
gineering Co., Inc., South St., Wal- 
pole, Mass. 

Circle 453 on inquiry card. 


Counting Scales. New 8-page Bulle- 
tin 1154 describes and _ illustrates 
maker’s ratio counting scales.—To- 
ledo Scale Co., Toledo, Ohio. 


Circle 454 on inquiry card. 


Gross Weigher. New 6-page Bulle- 
tin No. 0356 contains all information 
on maker’s Model E-52 Automatic 
Gross Bagger for adhesive and non- 
adhesive materials.—Richardson Scale 
Co., Clifton, N. J. 


Circle 455 aon inquiry card. 


TIME, SPEED 


Resonant Réed Tachometers. 16- 
page Bulletin 31 presents specs for 
mounted and portable resonant reed 
tachometers.—James G. Biddle Co., 
1316 Arch St., Phila. 7, Pa. 

Circle 456 on inquiry card. 


Delay Timer. New 2-page Bulletin 
651 pictures and describes maker’s 
“Type EHS” electronic delay timer.— 
G. e Wilson & Co., Huntington, W. 
Va. 

Circle 457 on inquiry card. 


Stroboscope. New 4-page Bulletin 
Bln 7 presents Deuta hand strobo- 
scope for optical and mechanical 
measurement of speed and slow mo- 
tion.—Epic, Inc., 154 Nassau St., New 
York 38, N. Y. 

Circle 458 on inquiry card 


Adjustable Speed Drive. New 4- 
page Catalog 2956 contains all infor- 
mation on maker’s “Series 300’ elec- 
tronic adjustable-speed drive.—2-page 
Catalog Sheet 1856 describes d-c tach- 
ometer generator.—Servo Tek Prod- 
ucts Co., Inc., 1086 Goffle Rd., Haw- 
thorne, N. J. 


Circle 459 on inquiry card. 


Electronic Counters. New 6-page 
leaflet illustrates maker’s universal 
counter-timers, frequency and period 
counters, time-function translators, 
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ONE Instrument Now Controls 


Temperatures From MANY Points 


T-E’s 
New 
Multi- 
Point 











Controller 


This new, Multi-Point, Pyrometer Controller now provides—in one 
instrument— automatic temperature control for up to ten separate 
process units. Alone, it handles installations that formerly required 
as many as ten individual instruments. Immediate advantages are 
obvious—a great reduction in necessary panel board space, a 
tremendous decrease in initial cost, much lower maintenance costs, 
and the time-saving convenience of setting and observing tem- 
perature controls at one location. 


It applies to practically any installation suitable for two-position 
control action—creep test machines, multi-zone ovens and furnaces, 
laboratory aging and reaction vessels, batteries of batch process 
units, and many others. Simple adjustments permit skipping of one 
or ‘more points—providing optional control of four to ten units. 
Control settings consist of ten separate slide wires with ten in- 
dividual set points. Red and green signal lamps indicate tempera- 
ture conditions for each point. Scale ranges for all calibrations run 
poy -400° F. with C-C to +3250° F. with Plat. 30% Rh—Plat. 
6% Rh. 


Measuring Accuracy is insured by the null balance potenti- 
ometer measuring circuit, which permits calibration independent of 
thermocouple and extension wire resistance. Potentiometer 
accuracy depends on the stability of fixed circuit resistors, not 
on less dependable mechanical elements. 


Operating Speed is usually three seconds per point, 30 seconds 
for all 10 points. Gears for other speeds are available and easily 
changed in the field. 


High Sensitivity starts corrective action after deviation from 
set point of only 1° F. for I-C and 1.5° F. for C-A. 


Write for EDS-25-F. 


Thermo Electric @.0c 


SADDLE BROOK, NEW JERSEY 


< 
Reanrenanant 


circle 157 o quiry card 


For more information 
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In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario ios 
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NEW LITERATURE 





preset controllers, totalizing counters, 

time interval meters, and decade and 

preset decade counting units.—Com- 

puter-Measurements Corp., 5528 Vine- 

land Ave., North Hollywood, Calif. 
Circle 460 on inquiry card. 


= OPTICAL 


Monochromator. New 4-page Bulle- 
tin 811R pictures and describes 
maker’s. monochromators for wave- 
lengths between 220 and 2800 milli- 
microns.—Farrand Optical Co., Inc., 
Bronx Blvd. & East 238th St., New 
York 70... x. 


Circle 461 on inquiry card. 


Magnifiers. New 12-page Bulletin 
1-52,60 presents maker’s line of read- 
ers and magnifiers and discusses 
theory and purpose of various types 
of magnifiers—Bausch & Lomb Op- 
tical Co., Rochester 2, N.Y. 

Circle 462 on inquiry card. 


Cameras. Seven new 2-page Data 
Sheets (7123, 7124, 7125, 7126, 7127, 
7129, 7133) describes Bell & Howell 
“200-P” 16-mm magazine pulse cam- 
era; ‘198” portable splicers; “70- 
KRM” 16-mm motion picture camera; 
“71-QM, 71-KM, 71-MM, 71-RM,” 35- 
mm motion picture cameras.—Traid 
Corp., 4515-17 Sepulveda Blvd., Sher- 
man Oaks, Calif. 

Circle 463 on inquiry card. 


Photographic Slide Rule. New Pho- 
tographic slide rule permits easy con- 


version of feet of film to running 
time, or the reverse, for all frame 
rates and film sizes.—Flight Research, 
Inc., P.O. Box 1-F, Richmond, Vir- 
ginia. 

Circle 464 on inquiry card. 


Interference Filters. New 16-page 
Bulletin 302 describes German made 
monochromatic interference filters.— 
Fish-Schurman Corp., 70 Portman 
Rd., New Rochelle, N. Y. 

Circle 465 on inquiry card. 


VISCOSITY 


Viscometer Recorders. New 2-page 
Bulletin V-1217 describes maker’s line 
of viscometer recorders “Series R38”. 
—Norcross Corp., 247 Newtonville 
Ave., Newton 58, Mass. 

Circle 466 on inquiry card. 


Viscometers. New 6-page Bulletin 
17 includes the Cannon-Manning Semi- 
Micro viscometer and the Cannon- 
Ubbelohde Dilution viscometer (for 
intrinsic viscosity measurement), in 
addition to the Cannon-Fenske vis- 
cometers for transparent and opaque 
liquids, and Ubbelohde viscometers, 
etc.—Cannon Instrument Co., Box 812, 
State College, Pa. 

Circle 467 on inquiry card 


VIBRATION 


Vibration Measurement. New 20- 
page issue of “Technical Review” 
(Dec., 1956) describes current appli- 
cations and potential uses of sound, 
vibration and strain measuring in- 
struments.—Brush Electronics Co., 
3405 Perkins Ave., Cleveland 14, Ohio. 

Circle 468 on inquiry card. 


Vibration Measurement. New 4-page 
bulletin describes maker’s displace- 
ment follower for measuring dis- 
placement, runout or vibration of me- 
chanical parts. Includes three 2-page 
specification sheets.—Optron Corp., 
3526 State St., Santa Barbara, Calif. 

Circle 469 on inquiry card. 


AIR, GAS, SMOKE, STEAM 


Power Trap. New 2-page Bulletin 
501 describes maker’s ‘“Mag-Pneu- 
Power” trap for discharging conden- 
sate in compressed air and gas lines. 
—Hankison Corp., 951 Banksville Rd., 
Pittsburgh 16, Pa. 


Circle 470 on inquiry card. 


Combustion Analyzer. New 4-page 
Bulletin E65-5 describes combustion 
analyzer for any type furnace using 
any type fuel.—Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, Ohio. 

Circle 471 on inquiry card. 


Dehydrators. New 2-page leaflet 
illustrates and describes maker’s three 
new types of “Dehydrafilters” used 
to remove moisture and oil vapors 
from instrument air lines.—Hankison 
Corp., 951 Banksville Rd., Pittsburgh 
16, Pa. 

Circle 472 on inquiry card. 


Gas Dehydration. New 8-page Bro- 
chure 1157 describes maker’s gas 
dehydration system.—Robbins Avia- 
tion, 1735 W. Florence Ave., Los 
Angeles 47, Calif. 

Circle 473 on inquiry card. 


Cooling Fans. New 4-page _ illus- 
trated catalog provides information 
and data on maker’s rack mounted 
electronic cabinet cooling fans.—Mc- 





How 18 


THE RIGHT 
REMOTE 
READING 


Choos? TANK GAUGE 


Bulletin 6004 presents 
comprehensive informa- 
tion on the selection and 
operation of the New 
Petrometer Series 1400° 
Tank Gauges. It also 





describes the many 

new design features 

St incorporated in the 
ararncnsrie rneete indicators to provide 
quick, easy installa- 

tion, trouble-free 

automatic opera- 

tion and accurate 

indication. 


10 
win 
suse xs 
pants COR ance TOP 


Send for your free copy today! 


CORPORATION 
43-22 TENTH ST., LONG ISLAND CITY 1, N. Y. 


For more information circle 158 on inquiry card. 
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Who likes to keep a customer waiting? Not the men of Plummer & 
Kershaw at any rate. Unfortunately scheduling is easy but producing 
to the high quality standards that have made P & K respected, is 
another thing. Work done with skill and care is not work that can be 
produced quickly. As inevitable then as night follows day it is necessary 
to specify longer delivery dates—we feel sure you wouldn't want it 
otherwise. 


TURN TO PLUMMER AND KERSHAW FOR— 


* Complete Optical Instruments made to Specifications. 


* Design and Manufacture of Optical Systems using Glass, Crystal or 
other Transmission Media. 


* Lenses and Prisms of Many Types. 
* Test Glasses. 


PLUMMER and KERSHAW 


PRECISION OPTICS 
2759 Frankford Ave., Philadelphia 34, Pa. 








For more information circle 159 on inquiry card. 





Lean Engineering Labs., P. O. Box 
228, Princeton, N. J 
Circle 474 on inquiry card. 


Fans. New 32-page set of engineer- 
ing data sheets describes and illus- 
trates maker’s fans and blowers, in- 
cluding information on pumps and 
motors.—Rotron Manufacturing Co., 
Inc., Schoonmaker Lane, Woodstock, 
N. Y. 


Circle 475 on inquiry card. 


Pneumatic Standards. New 12-page 
issue of Ross enginAir (Vol. 2, No. 2) 
discusses air circuits and includes 
standards recommended by JIC per- 
taining to air motors and cylinders.— 
Ross Operating Valve Co., 120 E. 
Golden Gate, Detroit 3, Mich. 


Circle 476 on inquiry card. 


LABORATORY, 
ANALYTICAL 


Electrolytic Conductivity. New 16- 
page Catalog No. 22 provides data 
and prices of electrolytic conductivity 
equipment for measurement and con- 
trol of solution concentration.—In- 
dustrial Instruments Inc., 89 Com- 
merce Road, Cedar Grove, Essex 
County, N. J. 

Circle 477 on inquiry card. 


Color Difference Meter. New 2-page 
Data Sheet No. 10.10-6 describes oper- 
ation of Gardner automatic color dif- 
ference meter that compares three 
variables in any two colors. Includes 
Brown Instruments’ amplifier and 
two-phase balancing motors in meas- 
uring circuit—Address inquiries to 
Gardner Laboratory, Inc., Bethesda 14, 
Md. 


Circle 478 on inquiry card. 


Laboratory Equipment. New 24- 
page issue of “What’s New” (No. 27) 
presents descriptions of laboratory 
equipment, including Beckman gas 
chromatograph for analyzing gases 
and low-boiling liquids, Jelrus control- 
ling pyrometer, Photovolt electronic 
pH tester, Pandux recording thermom- 
eter, etc.—Scientific Glass Apparatus 
Co., Ine., Bloomfield, N. J. 


Circle 479 on inquiry card. 


pH Meter. New 4-page Circular 195 
gives specifications and prices of 
maker’s line-operated pH meter Mod. 
85.—Photovolt Corp., 95 Madison 
Ave., New York 16, N.Y. 


Circle 480 on inquiry card. 


Laboratory Equipment. New 16- 
page issue (January, 1957) of “Lab- 
oratory” describes and illustrates new 
Beckman gas chromatograph, and pH 
meter tester; Voland balances; pumps, 
timers, etc.—Schaar and Co., 754 W. 
Lexington St., Chicago 7, III. 

Circle 481 on inquiry card. 


Laboratory Supplies. New 4-page 
bulletin illustrates and specifies 
maker’s “Pioneer” polyethylene lab- 
ware.—Palo Laboratory Supplies, 81 
Reade St., New York 7, N. Y. 

Circle 482 on inquiry card. 


Analyzer. New 4-page brochure de- 
scribes maker’s “Bichromator” analy- 
zer for continuous single component 
measurement in a process stream.— 
Perkin-Elmer Corp., Norwalk, Conn. 

Circle 483 on inquiry card. 





VicTOREEN OFFERS A MEANS TO 


SAF ETY FOR EVERYONE 


EXPOSED TO RADIATION 


The ever increasing use of atomic and nuclear energy in 
manufacturing and processing industries requires ultimate safety 
measures for the protection of all persons, even those casually 
exposed to radiation. Radio active products affect not only people 
involved in production processes but in all handling services such 
as receiving, shipping and transportation. And it is these marginal 
contacts that can be most severely affected by radiation, for which 
Victoreen Personal Dosimeters offer a complete measurement 
of safety. 


eee 
DIRECT READING PERSONAL DOSIMETERS 


Victoreen Pocket Dosimeters are about 
the size of a pen and clip into the pocket. 
After being charged on the 561A Dosi- 
meter Charger, to zero position, radiation 
exposure causes leakage which is reflected 
on a direct reading scale built into the 
pocket dosimeter. User need only hold 
Pocket Dosimeter toward a bright light 
—look into tube and read the accumu- 
lated roentgen dose. 


EE EE A Ae See ee ee Pe ee ee 
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INDIRECT READING POCKET DOSIMETERS 


When a group of people must be safeguard- 
ed against radiation over periods of time, the 
indirect reading personal dosimeter instru- 
mentation has several advantages. Daily 
X-ray exposure methods can be maintained, 
establishing medical and legal evidence of 
daily exposure and improved personnel re- 
lations are acquired as a result of more than 
adequate health-safety measures. 

You can OWN a Minometer and Dosimeters 
for less than the cost of film badge service 
for 8 or more individuals. 


Individual Pocket Dosimeters are charged by the 
Model 287 Minometer. After each days exposure, 
agg dosimeters are read on the Minometer, there- 
y establishing an accurate day-by-day record of 
x-ray exposure for each individual. 


STRAY RADIATION CHAMBERS 


7 
4 
; ; Hees | 
Available for use with the Minometer are stray radiation i 
chambers for detecting and measuring x-ray or gamma 
radiations in any area suspected of being subject to the i 
hazards of stray radiation. Chambers are quickly charged i 
and exposure accurately measured on the Minometer. 1 
i 
a 


SPECIAL AREA MONITORS AND SYSTEMS 


Illustrated catalog, ‘ a rer 
givine detalled Victoreen manufactures a variety of special instruments for meas- 
specifications of all Urfing the radiation level in hazardous locations and initiating 
Victoreen Dosimeter  2/arms and/or interlocks if the level is either higher or lower than 
Instruments available 2, Pre-set intensity. This includes radiation proof alarms for very 
on request. Ask for high intensity sources as well as low level personnel monitoring. 
Bulletin 3042. e welcome inquiries for special multi-station monitoring devices 
designed to your requirements. 


l INSTRUMENTS DIVISION 


\V, The Victoreen Instrument Co 


§806 HOUGH AVE. CLEVELAND 3, OHIO 


2 2 a ee eee a 
For more information circle 160 on inquiry card. 
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A VCO MANUF 


\ 


Crosley Division 


uL 


ACTURING conn RATION 


ttt Bans 


Foremost in Electronics 


\ 


1, 
2. 


3. 
4. 
5: 





Contact us and find out 
where 
major programs now being 
started. There are numerous 
company benefits and you 
will be paid generous reloca- 
tion expenses. 


Offers Engineers Many Advantages! 


WHEN THE PILOT CAN'T SEE 
‘‘Volscan’’ BRINGS HIM DOWN 


. . . SAFELY! SURELY! 


One of the major advances in aviation history is “Volscan”. 
markable electronic device enables the pilot to come in even though he 
can’t see where he is or where he is going. Wouldn’t you like to play 
a part in important achievements such as this? If so, we have top 
openings for engineers in many different categories. 


Guided Missiles 6. 


Computer and Analytical 
Services a 


(Design and Development) 
(Programming and 8 
Application) . 


Ground Radar 9. 
Air Traffic Control 10. 


Antenna and Micro-Wave 
Equipment 


you can fit into the 





This re- 


Communications 


(Airborne Transmitters 
and Receivers) 


Airborne Fire Control 
Airborne Defense Systems 
Servo Mechanisms 


Transistorized 
Equipment 


Mr. Nick M. Pagan, 


Employment Manager EE 


AV(O Manufacturing Corp. 


Crosley Division 
2630 Glendale-Milford Road 


SEND A RESUME TO: Evendale, Cincinnati 15, Ohio 
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Fluorometer. New 8-page Bulletin 
803R describes maker’s photoelectric 
fluorometer for measuring low con- 
centrations in micro or macro volumes 
of solutions.—Farrand Optical Co., 
Inc., Bronx Blvd. and East 238th St., 
New York 70, N. Y. 

Circle 484 on inquiry card. 


Fluorimeter. New 2-page edition of 
“Newsletter” (Vol. 3, No. 18) con- 
tains description of maker’s Midget 
Fluorimeter used for qualitative and 
quantitative determination of chem- 
ical substances by fluorescence analy- 
sis.—Gardner Laboratory, Inc., P. O. 
Box 5728, Bethesda, Md. 

Circle 485 on inquiry card. 


Thermal Conductivity Analyzer. 
New 12-page Catalog 56-1008-59 de- 
scribes and illustrates applications 
and features of maker’s ‘“Condu- 
Therm” analyzer and “Acratron” elec- 
tronic recorder.—The Hays Corp., 
Michigan City, Ind. 

Circle 486 on inquiry card. 


Fluorescent Analysis. New 2-page 
Bulletin FAC 9-56 pictures and de- 
scribes maker’s “Mineralab” floures- 
cence analysis cabinet for identifica- 
tion with ultra-violet light.—Ultra- 
Violet Products, Inec., San Gabriel, 
Calif. 

Circle 487 on inquiry card 

Chromatography. New 24-page Cat- 
alog 1356 lists and illustrates appa- 
ratus and accessories for both paper 
chromatography and column chroma- 
tography. Includes price list.—Re- 
search Specialties Co., 2005 Hopkins 
St., Berkeley 7, Calif. 

Circle 488 on inquiry card. 


Cryoscope Osmometer. New 2-page 
Bulletins C1 and O1 present chemical 
purity Cryoscope for dairies, chem- 
ical plants, bottlers; and Osmometer 
for clinical pathologists and electro- 
lyte laboratories—Advanced Instru- 
ments, Inc., Needham 92, Mass. 

Circle 489 on inquiry card. 


Gas Analysis. New 4-page bulletin 
GMH 9-56 gives complete data and 
specifications on maker’s “Gas Mas- 
ter” analyzers for evaluating the 
thermal conductivity properties of 
gases in mixtures. Includes exten- 
sive bibliography.—Gow-Mac Instru- 
ment Co., 100 Kings Rd., Madison, 
N. J. 


Circle 490 on inquiry card. 


COMPUTERS 


Digital Computer. New 6-page illus- 
trated Bulletin AB116 provides infor- 
mation and data on maker’s G-15D 
digital computer.—Bendix Computer 
Div., Bendix Aviation Corp., 5630 
Arbor Vitae St., Los Angeles 45, Calif. 

Circle 491 on inquiry card. 


Analog Computer. New 16-page cat- 
alog describes maker’s d-c analog 
computers and allied equipment.— 
Mid-Century Instrumatic Corp., 611 
Broadway, New York 12, N. Y. 


Circle 492 on inquiry card. 


Computer Services. New Cook Re- 
search Newsletter, Vol. No. 6, Issue 
2, lists the digital and analog equip- 
ment contained in their expanded 
computer facility service.—Cook Elec- 
tric Co., 2700 No. Southport Ave., 
Chicago 14, IIl. 

Circle 493 on inquiry card. 





RECORDERS 


Rectilinear Recorder. New 10-page 
Bulletin R-501 contains all important 
information on maker’s rectilinear 
recorder and accessories changing 
curvilinear motion to true rectilinear 
motion.—Houston Technical Labora- 
tories, 3609 Buffalo Speedway, Hous- 
ton 6, Tex. 

Circle 494 on inquiry card. 


Oscillograph. New 4-page _ illus- 
trated bulletin provides information 
and data on maker’s “Type 401” low- 
frequency oscillograph and “Type 
404” pulse-generator.—Allen B. Du- 
Mont Labs., Inc., Clifton, N. J. 


Circle 495 on inquiry card. 


Tape Recorder. New 26-page Bulle- 
tin 1561B describes and _ illustrates 
maker’s multi-channel magnetic tape 
recording and playback system for 
recording stress, pressure. temper- 
ature and_ vibration.—Consolidated 
Electrodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, Calif. 


Circle 496 on inquiry card 


Operation Recorders. New 4-page 
Bulletin 1156 contains information 
on maker’s operation recorders show- 
ing illustrations of records taken 
from various applications in transpor- 
tation and plants.—The Esterline- 
Angus Co., Inc., P. O. Box 596, In- 
dianapolis 6, Ind. 


Circle 497 on inquiry card. 


Pressure Recorders. New 4-page 
Catalog 1021 describes and illustrates 
maker’s multi-pen circular chart re- 
corders for pressure and temperature 
elements.—Burgess-Manning Co., 
Penn Instruments Div., 4110 Haver- 
ford Ave. Phila, 4, Pa. 


Circle 498 on inquiry card 


Data Recording Camera. New 2- 
page bulletin presents specs for 35- 
mm cine-interval camera sets for 
data recording.—Traid Corp., 17136 
Ventura Blvd., Encino, Calif. 

Circle 499 on inquiry card 


Tape Recorder. New 20-page Bulle- 
tin FR100 contains all information 
on maker’s “FR100” instrumentation 
tape recorders used in data acquisi- 
tion, storage, analysis and reduction, 
etc.—Ampex Corp., Instrumentation 
Div., 934 Charter St., Redwood City, 
Calif. 


Circle 500 on inquiry card. 


GAGING, TESTING, 
INSPECTION 


Transistor Test Equipment. New 
8-page Catalog 9-30-56 contains all 
information on maker’s transistor 
test equipment, transistor power sup- 
plies, miniaturized components, con- 
stant current generators, etc.—Elec- 
tronic Research Associates, Inc., 67- 
69 E. Centre St., Nutley, N. J. 


Circle 501 on inquiry card. 


Pinhole Detector. New 4-page Bul- 
letin GEA-6520 provides the latest 
information on capabilities and oper- 
ation of redesigned GE pinhole detec- 
tor for automatically inspecting fast- 
moving opaque strip for small holes. 
—General Electric Co., Schenectady 
5, N. Y. 


Circle 502 on inquiry card 


Comparator. New 2-page leaflet 
gives information on maker’s bench- 





Portable Versatile 
fo] ma t-lealel-ie-taela=) 


testing up to 


600’ F. 


MODEL 
TC-4 
TEMPERATURE 

TEST CHAMBER 


For ambient temperature tests in the 
LABORATORY or on the PRODUCTION 
LINE, the Model TC-4 Temperature Test 
Chamber is ideal. The wide operating 
range of the Model TC-4 Test Chamber, 
from —65°F to +600°F, affords great 
versatility in testing applications. 
Interchangeable extra trays may 

be ordered for greater convenience 
and elimination of loading delays. 


RANGE: —65°F to +600°F. 


HEATER: Two 750 watt finned strip 
heaters. 


COOLANT: Dry ice, 15 Ibs. capacity. 


CONTROL: Adjustable thermostat and 
selectable heat inputs. 


LOAD CAPACITY: 600 cubic inches of 
test materials. 

POWER: 115V, 15 amp., 50-60 cycle. 
OVERALL SIZE: 48” x 1612” x 12”. 
WEIGHT: 621, Ibs. 


$700.00 
F.0.B. 
LOS ANGELES 


DEVELOPMENT CORPORATION 


12411 W. Olympic Blvd. 
Los Angeles 64, California 


For more information circle 161 on 











Clary Numerical Data Printers 


at Tl 











The Clary printer is now used in a wide variety of applications 
by famous industrial and technological firms. Typical examples 
of Clary’s ability to solve problems are digital voltmeter and 
shaft position conversion. Clary is the versatile printer that 
may well solve a problem for you. 


Gives you a permanent printed record, 
instead of a fleeting visual one. Both 
serial and parallel-type printers avail- 
able. Choice of 4 mddels, 8 to 11 digit 
capacity. Designed for use with any 


automation or data-processing system. 
Capable of taking input in various forms, 
manual or remote, and delivering it in 
equally diverse forms. And only Clary 
equipment is able to print, add and con- 
vert remote input to perforated tape or 
cards. Also a wide line of other data- 
handling units for industrial and scien- 
tific applications. Please write on your 
letterhead for facts. Clary Corporation, 
Dept. IA27, San Gabriel, California. 


ELECTRONICS 
DIVISION 


CLARY CORPORATION 
San Gabriel, California 


... manufacturer of business machines, electronic data-handling equipment, 


aircraft and missile components...for America and the World 
For more information circle 162 on inquiry. card. 
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We'll Help You Put More 


“Automatic” 
In Your Automation! 


@ There is an “‘extra’’ Lewis Service many spring users don’t 
know about... it might be called: “packing for production” or 
“arranged for automation.” It’s simply the way in which Lewis 
Springs and Wireforms may be shipped to reach the production 
line ready for quick, time-saving handling and the most efficient 
assembly operation... by hand or automatic equipment. 

Working with customer’s production men, Lewis Engineers 
devise the packing method best suited to the job: Perhaps threaded 
onarod..:on special holders... in envelopes... tied or grouped 
in bundles... and in many other different ways. 

If you use springs and wireforms, and have plans to further 
“automate” production we'd like to help you with our “extras” 
in Lewis Service. And, of course, top quality springs and wire- 
forms are our business. Send us your problem. 


LEWIS SPRING & MANUFACTURING COMPANY 
2648 W. NORTH AVE. CHICAGO 47, ILL. 


PRECIHSton 


The Finest Light Springs and Wireforms of Every Type and Material 


1 oe 
gure? oh 
"hdd 
For more information circle 163 on inquiry card. 
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NEW LITERATURE 





type comparators for checking pitch 
diameters, lengths of parts, o.d. and 
i.d., ete.—Jerpbak Bayless Co., Solon 
Rd., Solon, Ohio. 


Circle 503 on inquiry card. 


Insulation Tester. New 8-page Bul- 
letin 21-85 presents specs for several 
models of maker’s “Megger”, elec- 
trical insulation and resistance test- 
ers.—James G. Biddle Co., 1816 Arch 
Street, Phila. 7, Pa. 


Circle 504 on inquiry card. 


Alignment Testing. New 8-page re- 
print “Alignment Testing by K. 
Hume” describes and illustrates meth- 
ods and instruments for alignment 
testing.—Engis Equipment Co., 431 
S. Dearborn St., Chicago 5, IIl. 


Circle 505 on inquiry card. 


Compression Testing Machine. New 
2-page illustrated bulletin pictures 
and describes maker’s “Versa-Tester” 
Model AP-350 hydraulic testing ma- 
chine.—Soiltest, Inc., 4711 W. North 
Ave., Chicago 39, IIl. 

Circle 506 on inquiry card. 


Current Transformer Tester. New 
4-page Bulletin 54-B shows operation 
of field set for testing grounds, shorts 
and high-resistance joints in current 
transformers.—Eastern Specialty Co., 
3617 N. 8 St., Phila. 40, Pa. 

Circle 507 on inquiry card. 


Relay Testers. Two new 4-page bul- 
letins describe and illustrate maker’s 
electrolytic-capacitor, and universal 
relay testers. Includes 2-page price 
list.—The Magnavox Co., Dept. N. P., 
Fort Wayne 4, Ind. 

Circle 508 on inquiry card. 


Tube Analyzer. New 2-page bulle- 
tin describes maker’s Thyratron and 
“Phanotron” tube analyzer.—Alectric 
Mfg. Co., 7842 - 39th Ave., Kenosha, 
Wis. 

Circle 509 on inquiry card. 

Torque Tester. New bulletin SD 35- 
53 presents information and data on 
maker's “Series A” OTT torque tester. 
Includes 8-page instruction manual.— 
P. A. Sturtevant Co., Addison, Ill. 


Circle 510 on inquiry card. 
y 


Illuminated Magnifier. New 12-page 
bulletin describes maker’s “Flash-O- 
Lens” illuminated magnifier for in- 
spection work.—E, W. Pike & Co., 
Inc., 492 North Ave., Elizabeth 3, 
N. J. 


Circle 511 on inquiry card. 


Dynamometers. New 4-page Bulle- 
tin B-12 describes maker’s absorption 
dynamometers (water brakes); gives 
operating principle, design character- 
istics, specs and performance curves. 
—Industrial Engineering Co., Island 
Rd. and Suffolk St., Phila. 42, Pa. 


Circle 512 on inquiry card. 


Testing Equipment. New 52-page 
Catalog 21 discusses maker’s testing 
equipment for cement, concrete, soils, 
bituminous and netroleum products.— 
Humboldt Mfg. Co., 2014 N. Whipple 
St., Chicago 47, II. 


Circle 513 on inquiry card. 


Monochromatic Lamps. New 4-page 
bulletin describes monochromatic 
lamps. 2-page bulletin presents specs 





for optical flats—Acme Scientific Co., 
1450 W. Randolph St., Chicago 7, IIl. 


Circle 514 on inquiry card. 


Test Equipment. New 12-page ill- 
ustrated bulletin pictures and de- 
scribes maker’s waveguide and coaxial 
test equipment.—Admittance-Namco 
Corp., Farmingdale, L. I., N. Y 

Circle 515 on inquiry card. 


TUBING, FITTINGS 


Adapter Fittings. New 12-page Cat- 
alog 4360 shows straight thread plugs 
and adapters, o-rings for straight- 
thread fittings, and steel and brass 
pipe fittings—Tube & Hose Fittings 
Div., Parker Appliance Co., 17325 
Euclid Ave., Cleveland 12, Ohio. 


Circle 516 on inquiry card. 


Tubing Supports. New 20-page Bul- 
letin 656-G provides data on maker’s 
tubing supports and accessories.— 
P-W Industries, Inc., Duncan & Mel- 
rose Sts., Phila. 24, Pa. 

Circle 517 on inquiry card 


Pipe, Tubing, Valves. New 12-page 
Brochure 51156 presents information 
on maker’s corrosion-resistant therm- 
oplastic pipe, tubing, ducting, valves 
and fittings—American Agile Corp., 
5461 Dunham Rd., Maple Heights, 


Ohio. 
Circle 518 on inquiry card. 


Teflon Tubing. New 4-page Bulle- 
tin T-50 describes maker’s Teflon 
tubing, rod, sheet, steel pipe lining, 
insulated wire and machine parts.— 
Haveg Industries, Inc., 950 Green- 
bank Rd., Wilmington 8, Dela. 

Circle 519 on inquiry card. 


ELECTRICAL, ELECTRONIC 
INSTRUMENTS 


Micro-Microammeters. New 2-page 
Data Sheet E-03-1 describes maker’s 
micro-microammeters for nuclear re- 
actor control systems.—Leeds & 
Northrup Co., 4907 Stenton Ave., 
Phila. 44, Pa. 

Circle 520 on inquiry card. 


Audio Oscillator. New 2-page Bulle- 
tin 8549 describes and _ illustrates 
maker’s “Audiolator” all-transistor- 
ized beat frequency audio oscillator, 
powered by mercury or penlight cell 
batteries.—Kay Electric Co., 14 Maple 
Ave., Pine Brook, N. J. 

Circle 521 on inquiry card. 


Panel Meters. New 6-page Bulletin 
2057 contains specs and prices for 
800 models of panel meters, shunts 
and current transformers.—Simpson 
Electric Co., 5200 W. Kinzie St., Chi- 
eago 44, IIl. 

Circle 522 on inquiry card. 


Frequency Meter. New set of 2-page 
Data Sheets furnishes specs, oper- 
ation data, and uses of Type 504 
Precision Heterodyne Frequency Me- 
ter; Standing Wave Detector, Type 
219; and Klystron Power Supply, 
Type 809.—Polytechnic Research & 
Development Co., Inc., 209 Tillary St., 
Brooklyn 1, N. Y. 

Circle 523 on inquiry card. 


Oscilloscope. New 8-page brochure 
provides information and data on 
maker’s “Type 515” wide-band oscillo- 
scope.—Tektronix, Inc., P. O. Box 831, 
Portland 7, Oreg. 

Circle 524 on inquiry card. 








PRECISION 


defined by an instrument 
maker... 


Sei bariien 


JEWEL BEARINGS 


’ Sapphire and Ruby 
Precision Jewel Bearings 
FEATURE 
@ exact tolerances 
@ high shock resistance 
@ low friction coefficient 


defined by the dictionary 


“the quality or state of 
being precise; accuracy; 
mechanical exactness." 


= 


Individually Set To Order. 
Mass Produced For 
Industrial Requirements. FOR 
For detailed information, 
send specifications or contact 


e@ INSTRUMENTS e CLOCKS 
@ METERS @ MEASURING DEVICES 


SWISS AMERICAN JEWEL BEARINGS CO. 


32-30 58th St., Woodside 2, Long Island, N. Y. 
ONE OF THE LARGEST FACTORIES OF ITS KIND IN THE WORLD 








For more information circle 164 on inquiry card. 








Slectre-Pulee 
PULSE INSTRUMENTATION 


PULSE GENERATORS 

TIME DELAY GENERATORS 

PULSE CODE GENERATORS 

MAGNETIC CORE TESTING EQUIPMENT 
BLOCK UNITS FOR TEST SYSTEMS 


VERSATILE... .. WIDE RANGE... ACCURATE... SERVICEABLE 


Utilizing advanced circuitry, Electro-Pulse 
offers a broad line of proven equipment for 
applications in development and test of 
RADAR, navigational aids, digital 
computers, data handling equipment, 
fire control systems, guided 
missile control, ballistics 
research, etc. 


MEGACYCLE PULSE GENERATOR 
MODEL 3450A 9 
20 CPS to 2 Megacycles 
0.1 to 5 us pulse width 
0.1 to 5 us pulse delay 
50 volt low impedance output 


Representatives in Major Cities 


= Electro - Pulse, Que 


11861 TEALE ST., CULVER CITY, CALIF. - Phone: EXmont 8-6764 or TExas 0-8006 
For more information circle 165 on inquiry card. 
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SEARCHLITE 
SECTION 


CLASSIFIED ADVERTISING, EMPLOY- 
MENT AND BUSINESS OPPORTUNITIES 


Address box replies to Instruments Publishing 
Co., 845 Ridge Ave., Pittsburgh 12, Pa. 





for HOUSINGS, 
SHIELDS, and 
INSTRUMENT 
PACKAGING 


Use round, seamless Ellisco cans 
adapted to your specs. Save high 
tool costs. Cans may be pierced, 
lanced, perforated for fastening, ven- 3 | 
tilation, access plugs, terminal leads. 
Parts may be welded or soldered 
to cans. 

IMustrations show standard can 
adaptations: (1) ordnance igniter can 
(2) TV remote volume control (3) ion- 
ization chamber (4) part of radio- 
logical survey instrument. 
GEORGE D. ELLIS & SONS, INC. 

Dept. 1A-2 BAldwin 3-3405 
4034 N. American Street, Philadelphia 40, Pa. 


1 circle 166 on inquiry card. 


ENGINEER 
DEHYDRATION 


Attractive salary and advance- 
ment opportunities for experi- 
enced engineer for design and 
development of pneumatic and 
dehydration equipment. Degree 
secondary to ability to assume 
project responsibility. Reloca- 
tion expenses to New England. 
Write in confidence to Kahn & 
Co. Inc., P.O. Box 516, Hartford, 
Conn. 














Your message 
was missed! 
You could have 
given it for $19.75 











hed Instrument Sales and Service 

mpany wants to add new products to lines 
already handled, on an exclusive basis. Our 
ales engineers now cover Southern California 
Arizona and Nevada calling on Aircraft, heat 
reating, foundries and ceramic manufacturers 
service all items handled. 

meters, recording controllers 

equipment needed. Box 342. 





NEW LITERATURE 





DC Amplifier. New 4-page Bulle- 
tin CH374 describes and _ illustrates 
Hilger-Negretti d-c amplifier, an ultra 
sensitive, zero-drift galvanometer am- 
plifier for measurement of extremely 
low currents and potentials.—Jarrell- 
Ash Co., 26 Farwell St., Newtonville 
60, Mass. 

Circle 525 on inquiry card. 


Autotransformer. New 24-page Bul- 
letin O describes maker’s “Variac” 
adjustable autotransformers.—Gener- 
al Radio Co., Cambridge 29, Mass. 

Circle 526 on inquiry card. 


Signal Generator. New 6-page bul- 
letin presents specifications of maker’s 
“Model SG-132” precision VHF-UHF 
signal generator and accessories.— 
Transitron, Inc., 186 Granite St., 
Manchester, N. H. 

Circle 527 on inquiry card. 


Frequency Converter. Three new 4- 
page Bulletins (176-12-56, 184-12-56, 
185-12-56) presents information and 
data on maker’s “Model 275” inter- 
mediate frequency converter; “Model 
95” standard FM signal generator; 
and “Model 505” standard test set 
for transistors.—Measurements Corp., 
Boonton, N. J. 

Circle 528 on inquiry card. 


Electronic Instruments. New 48- 
page brochure presents data on 
maker’s electronic instruments, con- 








INSTRUMENTS FOR SALE 
NEW—USED—REBUILT 


IMMEDIATE DELIVERY 

on Many Makes & Models. 
Large Number Temperature Controllers, 
Precision Indicators, Continuous Line & 
Multiple Point Recorders. Leeds & North- 
rup Speedomax, Micromax; M.-H. Brown 
ElectroniKs; Brown-Beckman Electronic 
Pneumatic pH Controllers, M.S.A. Com- 
bustible Gas Alarm Systems, Pressure Re- 
corders, etc. 

Instruments Sold on Trial Basis 


INSTRUMENT SERVICE 
ENGINEERING LABS. 
1205 Lamar St. Dayton 4, Ohio 
ADams 2241 
Pyrometric Supplies & Accessories 
Thermocouple-Operated Instruments 
Repaired . Rebuilt 


Bought Rented 





For more information circle 167 on inquiry card. 








Contractors 


Automatic Control Engineering 
40, Avenue de Verdun 








CROISSY-SUR-SEINE FRANCE 


rcle 168 on inquiry card. 





For more information c 














CHECK ALL TENSIONS in. 
Wires, Yarns, Lastex 4 


with the New SAXL‘.™ 
TENSION METER 


Tensitron, Inc., Harvard, Mass. 























For more information circle 169 on inquiry card. 
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trols, power supplies, etc.—Deltron, 
Inc., 2905 N. Leithgow St., Philadel- 
phia 33, Pa. 


Circle 529 on inquiry card. 


Electron Microscope. New 12-page 
Brochure RC178 discusses construc- 
tion and operation of maker’s elec- 
tron microscope and covers descrip- 
tions of all its components.—North 
American Philips Co., Inc., Instru- 
ments Div., 750 South Fulton Ave., 
Mt. Vernon, N. Y 

Circle 530 on inquiry card. 


POTENTIOMETERS, 
RESISTORS 


Precision Potentiometers. New 2- 
page Data Sheet 54-18 shows con- 
struction of maker’s series B 
precision potentiometers, and gives 
specifications and _ characteristics.— 
Helipot Corp., a division of Beckman 
Instruments, Inc., Newport Beach, 
Calif. 

Circle 531 on inquiry card. 

High Frequency Resistors. New 8- 
page Bulletin F-la discusses types 
MP and HFR frequency & miniature 
high frequency resistors, including 
data on construction, characteristics, 
applications, types, resistance values, 
etc.—International Resistance Co., 401 
N. Broad St., Phila. 8, Pa. 


Circle 532 on inquiry card. 


Trimming Potentiometers. Two new 
2-page leaflets give electrical and 
physical specs, and describe Aero 
Electronics’ miniature plug-in trim- 
ming potentiometers, Type G-525, and 
G-527.—Fred W. Falck Co., 2311 W. 
Burbank Blvd., Burbank, Calif. 


Circle 533 on inquiry card. 


Resistors, Rheostats. New 4-page 
Bulletin 53 contains ratings for fixed 
and adjustable vitreous enameled re- 
sistors and rheostats.—Hardwick, 
> Inc., 40 Hermon St., Newark 
5, N. J. 


Circle 534 on inquiry card. 


TUBES, TRANSISTORS 


Electron Tubes. New 4-page cata- 
log presents list of maker’s trans- 
mitting and industrial tubes for radio, 
industrial, and scientific uses—BNC 
Industrial, 180 Spring St., Paterson 
3, N. J. 

Circle 535 on inquiry card. 

Selenium Rectifiers. New 12-page 
Booklet 1007-10M pictures and de- 
scribes maker’s “Selenium Slims” 
union selenium power rectifiers.— 
Union Switch & Signal Div., West- 
inghouse Air Brake Co., Pittsburgh 


18, Pa. 
Circle 536 on inquiry card. 


POWER SUPPLIES 


Power Supply. New 2-page Bulle- 
tin 1570 describes and _ illustrates 
maker’s “Type 3131” 26-volt d-c power 
supply.—Consolidated Electrodynam- 
ics Corp., 300 N. Sierra Madre Villa, 
Pasadena, Calif. 

Circle 537 on inquiry card. 


Batteries. New 8-page brochure de- 
scribes maker’s “Sturges” nonspill 
storage batteries and cells.—Elec- 
tronic Batteries, Inc., Bush Terminal 





Bldg. No. 4, 28-34 35th St., Brooklyn 
de, 
Circle 538 on inquiry card. 

Custom Power Supplies. New 18- 
page brochure shows examples of 
company’s custom power-supply de- 
signs, including the following types: 
Magnetic-amplifier-regulated; trans- 
istorized; transistor-driven-mag-amp; 
de to de; saturable-reactor controlled; 
ete.—NJE Corp., 345 Carnegie Ave., 
Kenilworth, N. J. 

Circle 539 on inquiry card 


SWITCHES, RELAY 


Switches. New 32-page Manual 
GEA 6372 furnishes complete oper- 
ation and application data for maker’s 
manual, magnetic, and reduced-volt- 
age starters; push buttons; relays; 
pressure and vacuum switches; float 
switches; solenoids; pressure gover- 
nors etc.—General Electric Co., Sche- 
nectady 5, N. Y. 

Circle 540 on inquiry card. 


Relays. New 4-page brochure pro- 
vides information on maker’s a-c and 
d-c miniature relays for airborne elec- 
tronics ete.—Union Switch & Signal 
Div., Westinghouse Air Brake Co., 
Pittsburgh 18, Pa. 

Circle 541 on inquiry card 


Micro Switches. New 4-page issue 
of “Uses Unlimited” (Vol. 10, No. 3) 
contains information on new develop- 
ments in company’s line of micro 
switches. 2-page Data Sheet 115 de- 
scribes Type 1RA1 subminiature 
screw driver-actuated switch.—Micro 
Switch, a division of Minneapolis- 
Honeywell Regulator Co., Freeport, 
Ill 


Circle 542 on inquiry card. 


Delay Relays. Two new 2-page Bul- 
letins A.W.H. TD 404 and 405 de- 
scribe maker’s dial-adjustable time 
delay relays.—A. W. Haydon, Water- 
bury, Conn. 

Circle 543 on inquiry card. 


Switches. New 4-page Catalog 200 
illustrates and describes maker’s push 
button, lever, and turn switches.— 
Donald P. Mossman, Inc., Brewster, 
N. Y. 

Circle 544 on inquiry card. 

Precision Switches. New Haydon 
Switch-Idea File Catalog No. 5 pro- 
vides data on maker’s precision 
Switches for aircraft, industry, and 
commercial application including sub- 
miniature switches.—Haydon Switch 
Inc., Waterbury, Conn. 

Circle 545 on inquiry card. 


ELECTRICAL, ELECTRONIC 
COMPONENTS 


Tubular Capacitors. New 8-page 
Bulletin GET-2671 lists ratings and 
dimensions for maker’s molded “PVZ” 
tubular capacitors.—General Electric 
Co., Schenectady 5, N. Y. 


Circle 546 on inquiry card. 


Hermetric Terminals. New 4-page 
Bulletin LT-1 describes maker’s “Type 
LT” seal terminals for hermetic seal- 
ing of electrical components.—Inter- 
national Resistance Co., 401 N. Broad 
St., Phila. 8, Pa. 

Circle 547 on inquiry card. 





Photographer Bernard Hoffman uses a tiny droplet of water, forming and 
falling, to illustrate time sequence. 


Controlling Time 
in Fluid Engineering 


Even in simple hydrodynamic situations like the one pic- 
tured above, time sequence is measured in micro-seconds. 
More often than not, other factors—such as pressure, vol- 
ume and flow —all tend to complicate fluid time control. 
That’s where the engineering leadership of S. Morgan 
Smith can help you most. 


SMS Rotovalves, for example, will give you the closest 
control of closing time...as quick as one second or as 
slow as needed. Their fast initial shut-off limits reversal 
of flow, and closure is positive and drop-tight. Rotovalves 
are easier to operate, requiring less power for mechanical 
or electrical operation, and their full line opening means 
less head loss and lower pumping costs. 


SMS offers you a complete line of standard Rotovalves, 
Ball Valves and R-S Butterfly Valves, as weil as special 
application engineering help. To obtain full information, 
call our nearest representative, or write S. Morgan Smith 
Company, York, Penna. 


HYDRODYNAMICS 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovalves « Ball Valves ¢ R-S Butterfly Valves ¢ Free-Discharge 
Valves « Liquid Heaters «© Pumps ¢ Hydraulic Turbines & Accessories 


For more information circle 36 on inquiry card. 
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NEW LITERATURE 





Transformers, Filters. New 47-page 
Catalog 571 presents list of maker’s 
audio transformers, discriminators 
filters, power components, ete.—Freed 
Transformer Co., Inc., 1718-1736 Weir- 
a“ St., Brooklyn (Ridgewood 27, 

*» 2 


Circle 548 on inquiry card. 


Electronic Products. New 20-page 
Catalog No. 51 presents maker’s new 
narrow neck disc cathode and, new 
cathode material “Cathaloy P-51”, 
tubular electronics parts, cathode 
nickel alloys, glass sealing alloys, 
alloys for fabricated tubular parts, 
etc.—Superior Tube Co., 1566 German- 
town Ave., Norristown, Pa. 

Circle 549 on inquiry card. 


Slip Rings. New 16-page brochure 
covers maker’s slip rings, slip ring as- 
semblies, microwave assemblies, and 
contact parts made from either lami- 
nated flat stock or raised lay.—D. E. 
Makepiece Co., Div. of Union Plate 
and Wire Co., Attleboro, Mass. 

Circle 550 on Inquiry card. 


Vacuum Seals. New 12-page Cata- 
log G-57 pictures and describes mak- 
er’s glass-to-metal vacuum seals.— 
Glasseal Products Co., Inc., 1111 E. 
Elizabeth Ave., Linden, N, J. 

Circle 551 on inquiry card. 


Magnetic Coils. New 4-page folder 
describes company’s facilities for pro- 
ducing special miniature magnetic 
coiis.—Tur-BoJet Products Co., Ince., 
424 South San Gabriel Blvd. San 
Gabriel, Calif. 

Circle 552 on inquiry card. 


NUCLEONICS 


Reactors. New 2-page leaflet pre- 
sents maker’s mass-produced reactors 
including features, applications and 
general characteristics.—Aerojet-Gen- 
eral Nucleonics, San Ramon, Calif. 

Circle 553 on inquiry card. ‘ 


Research Reactor Two new 4-page 
Bulletins, N-56-9 and N-59-8 descri 
a aqueous homogenous burner reactor, 
and a tank-type research reactor, 
resp., marketed by maker.—Foster 
Wheeler Corp., 165 Broadway, New 
York 6, N. Y. 

Circle 554 on inquiry card. 


FABRICATION 


Manufacturing Facilities. New 6- 
page Bulletin 154 offers information 
on company’s equipment for shearing, 
punching and drilling, power forming, 
drawing.—Falstrom Co., 154 Falstrom 
Court, Passaic, N. J 

Circle 555 on inquiry card. 


Cleaning Machine. New 4-page bul- 
letin describes maker’s industrial pre- 
cision cleaning machine.—L & R Mfg. 
Co., 577 Elm St., Arlington, N. J. 


Circle 556 on inquiry card. 


Bevel Protractor. New 2-page illus- 
trated bulletin describes maker’s uni- 
versal bevel protractor.—George 
Scherr Co., 200 Lafayette St., New 
York 12, N. Y. 

Circle 557 on inquiry card. 


Pliers. New 2-page Leaflet Pl 53 

ictures and lists sizes of various 

wedish pliers.—B, Jadow, Inc., 860 
Broadway, New York 3, N. Y. 
Circle 558 on inquiry card. 


Wire Wrapping Tools. New 4-page 
Brochure 5205 pictures and describes 
maker’s wire-wrapping tools for elec- 
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NEW LITERATURE 


trical connections in radio, TV, etc.— 
Ingersoll-Rand, 11 Broadway, New 
York 4, N. Y. 

Circle 559 on inquiry card. 





Soldering Tips. New Catalog No. 
144 shows an expanded line of Hex- 
clad Long-Life Soldering Tips with 
40 stock sizes and shapes and many 
special styles to choose from.—Hexa- 
con Electric Co., 179 W. Clay Ave., 
Roselle Park, N. J. 

Circle 560 on inquiry card. 


Lubricators. New 2-page data sheet 
presents description of maker’s semi- 
automatic push-type lubricators.—Bi- 
jur Lubricating Corp., 151 W. Passaic 
St., Rochelle Park, N. J 

Circle 561 on inquiry card. 


Mechanized Heat Treating. New 8- 
page Bulletin SC-176 presents 24 basic 
furnace mechanisms, diagrams and 
photos to illustrate steps to a com- 
pletely mechanized heat treat line.— 
Surface Combustion Corp., Toledo 1, 
Ohio. 


Circle 562 on inquiry card. 


Ultrasonic Cleaner. New 4-page 
Bulletin GW 45 contains all informa- 
tion on maker’s “Model GW-5 and 

GW-4” ultrasonic instrument bearing 
and small parts cleaners.—The Baker 
Co., Inc., Maplewood, Maine. 

Circle 563 on inquiry card. 


Rolling Mills. New 12-page reprint 
“Rolling Mills for Processing Nuclear 
Fuel Elements”, discusses special 
equipment employed in rolling and 
fabricating new metals required for 
atomic energy program.—Stanat Man- 
ufacturing Co., 500 Shames Dr., West- 
bury, N. Y. 

Circle 564 on inquiry card. 


Manufacturing Facilities. New 12- 
page brochure describes company’s 
electronic research, development, and 
production facilities Nelson Instru- 
—_ Co., 607 Howard St., Evanston 


Circle 565 on inquiry card. 


MATERIALS 


Permanent Magnets. New 4-page 
Technical Bulletin DMF-3 on new Al- 
nico 5 Cb permanent magnet material 
gives its physical properties, dimen- 
sienal limitations, and typical curves, 
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and comparison figures with other 
such materials—Thomas & Skinner, 
Inc., 1120 E. 28rd St., Indianapolis 
7, Ind. 

Circle 566 on inquiry card. 


Magnetic Shielding. New ot-eeae 
brochure describes maker’s non-shock 
sensitive, non-retentive, magnetic 
shielding material—Magnetic Shield 
Div., Perfection Mica Co., N. 
Wacker Drive, Chicago 6, Ill. 

Circle 567 on inquiry card. 


Laminated Metals. New 16-page 
Catalog “Mill Products” gives all in- 
formation on company’s solid and 
laminated flatstock, raised and spot- 
lay stock, solid and "laminated tubing, 
wave guide tubing, precious-metal 
wires, and solders.—D. C. Makepiece 
Co., Div. of Union Plate and Wire Co., 
Attleboro, Mass. 

Circle 568 on inquiry card. 


Insulating Materials. New 32-page 
Catalog 20 contains descriptions, pho- 
tos, prices, ordering data, etc. on 
electrical insulations for repair and 
maintenance of motors, generators, 
and electrical or electronic equip- 
ment.—Insulation Manufacturers 
Corp., 5656 W. Washington Blvd., 
Chicago 6, IIl. 

Circle 569 on inquiry card. 


Epoxy Resin Adhesives. New 11- 
page bulletin presents engineering da- 
ta on maker’s high-strength epoxy 
resin adhesives for metal to metal 
bonding, ete.—Adhesives and Coat- 
ings Div., Minnesota cane, Grind — 
Co., 423 Piquette Ave., Detroit 2, 
Mich. 

Circle 570 on inquiry card. 


Carboloy Blanks. New 35-page Price 
List GT-314 covers maker’s line of 
carbide blanks.—General Electric Co., 
Metallurgical Products Dept., Detroit 
82, Mich. 

Circle 571 on inquiry card. 


Silicone Lubricants. New 8-page 
brochure provides data on maker’s 
silicone lubricants.—Dow Corning 
Corp., Midland, Mich. 

Circle 572 on inquiry card. 


MECHANICAL 
COMPONENTS 


Mechanical Components. New 4- 
page bulletin presents ideas, techni- 
ques and designs of maker’s mechani- 
cal components used for mounting, 
housing, fastening of electronic i 
ment.—Alden Products Co., 127 7 
Main St., Brockton, Mass. 

Circle 573 on inquiry card. 


Ball Bearings. Three new 2-page 
bulletins describe maker’s SS 2C 
radial retainer and size 814 ball 
bearings.—Miniature Precision Bear- 
7 Inc., Precision Park, Keene, 


Circle 574 on inquiry card. 


Fasteners. New 4-page catalog 
covers the design and manufacturing 
advantages of cold headed fasteners 
and parts.—John Hassall, Inc., West- 
bury, L. I., N. Y. 


Circle 575 on inquiry card. 


Cable Trough. New 12-page Bulle- 
tin 256-F presents information and 
data on maker’s “Cabletrof’” for sup- 
ae J control and power wiring.— 

W Industries, Inc., Duncan & Mel- 
Philadelphia 24, Pa. 


Circle 576 on inquiry card. 


rose Sts., 
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2464 
( Sard: Programmed Reversing 
Mill 215 
Case ade Control, Quantitative Analysis of 
€ arrier Telephone 351 
Cartridge Heaters ; 
Cartridge Heating Unit 574 
Case, Carrying 584 
Case Material 950 
Cash Register System 
ee stor Process Unit 321 
CATHODE-RAY OSCILLOSCOPE 
xeneral eae 971; high 
24-trace 13 
Cc ATHODE- RAY 
560; trace-retaining 
Cavitation be ey 591 
Cavity, h-Q 1160 
Cavity Rao ‘scope 324 
Cavity Oscillator, Beacon 16:5 
Cell, Nuclear-Energy 774 
Cement Analysis 840 
Centralized Control of 
Eight 1118 
Centralized Transport 
Centrifugal Switch 1176 
CENTRIFUGE: 328; 
Ceramic Material, 
Ceramics for Piezoelectric 
Character-Display Tube 246¢ 
Charger-Voltage Control 160 
Chart-Drive Assembly 315 
CHASSIS KIT: 1201; 
Check Valve 1003 
Chlorinators, V-Notch 
Chlorine Detector 2105 
Chokes, Micro-miniature 
Chopper, Instrument 760 
CHROMATOGRAPH: 16 56 : 
research and analytical 206: 
¢ HROMATOGRAP HY A PP ARATUS 
gas 1366; vapor-phase 130 
Chronometrically Governed 
Motors 530, 781 
Cireuit Analyzer 1614 
Circuit Breaker 1198 
Circuit Design Aid 1866 
Circular Table 952 
Civil Aeronautics 
1262 


1174 
1155; 


sensitivity Yio; 


self-focusing 


Honolul Number 


Control 


experimenter 


1575 


148 


D-C Timing 


Administratior 
Apparatus 1655 

Ultrasonic 227 

Parts 2070 

Equipment, Ultrasonic 542 
Machine 1826 

Cleveland Electronics Conference 
Clips, Vattery 1639 

Close-Up Stand 2065 

Clutch Control, Two-Hand 542 


eaning 
eaning 


February 1957 


Cc ovr for Fractional-HP Motors, Aut 


569 
c LU TC Hi: hysteresis 1645; permanent- 
n magnet 2490 
1 92 
CO Detector, 
Coating for 
9 


Pocket ) 

Graphic Circuitry, Protective 
ating-Thickness Gage 548 

Coating The kness Gage And Stream Ana 
zer 20 

Coax Rection, Flexible 1387 

Coaxial Attenuator Pad 1160 

Coaxial Cables, Miniature 346 

Coaxial Choppers 162 

Coaxial Power Pad 16 

Coil form, Shielded 

, Ceramic 


Switches 1848 
or 1187 
; 1196 

Tester 1827 
Adjustable 952 
Color Differences, Determination $4 
Colorimeter, Photoelectric 249 
Combination Transistor and Vacuum 
DC Voltmeter 1158 
“Combined Analog-D 
1567 
Combined Signal 
Generator 96 
Combustion Boats 
Combustion Control of Slab 
Combustion Controller 1811 
Combustion Meters 1209 
Combustion Test Kit 
Combustion Tester 317 
Common Lang uage “> 
Commutator, § 1p 
Cc ‘OMPAR ATO 


Tube 
gital Simul 
Generator 


2062 


aluminum 


Compressed Air Applications 
1722 
Instrument-Air 1009 
Al4 GEDA 310; algebrai 
analog digital 945; electroni 
1824; general-purpose 53 
readix 596 
‘omputer Accessories 


portable 


9269 
Mill 
Computer Drift Compensation Switch 1°62 
Computer Educations 1916 
Computer Men Tour Shell 640 
Computer Oscillograph 945 
Computer Power Supply 1174 
Computer-Processor, Electronic 246¢ 
Computer Research, Fellowship Grant 
sists 22 
Computer Vs Sports Experts 
Computing Relay 2466 
Control System, Static 
Control System Without 
2258 
Computer Time Scal 
Computer Voltage Divi ling 
Concept, A new 1965 
Concrete Batching, Automatic 1462 
Conductivity Controller 
Conduit, Control Panel 
Connec ns, Solderless 
geht TOR: aircraft 1389; » type 
46; high temperature 996; male primed 
cireuit 155; miniature 1852; miniature 
thermocouple 527; RF rack & panel 


Switching 2255 
Transmission La 


Check 534 
Resistor 1:64 


CONNECTORS: coaxial ; 50-contcet 

2291; miniature 154, 346 

circuit 54, 995; 

ign 995; subminiature ‘sai; 

12389 

Constant-Current Supplies 1382 

Constant-voltage Source 

Consumer Research 1714 

Contacts, Protectively Packaged 353 

Continuity Tester 756 

Continuous-Anneal-Lige Control 483 

Continuous-Flow Paper Eleetropheresis 548 

Continuous Galvanizing 1321 

Contour Projector Accessories my 
Air and Hydraulic Valves 


ontour and Surface 

( ‘ontrol, 

Control and Computer Component 
binations 748 

Control Console Design 1337 

Control] Panel Conduit 101 
CONTRO SYSTEM: auton ee 

electronic “‘Go and No-Go” 137 

Control System for Furnace Rea a tors 312 

Control/system Supervisory and Remote 
Positioning 

Control Systems Concepts 1720 

Control Unit for Remote Measuring Sys 

59. 


wT t MF 


2499 
Com- 


1602; 


Controlled Closing Air Valve 1412 
CONTROLLER: AC 1810; electronic 
23; minfature — pune hed-tape-type 
machine OF process 2; self-containe 

1189 

Controllers, Plug-in 7 

Conversion Tables 2106 
CONVERTER AC-DC 
466; high-voltage 564 

Converters, Analog/Digital 

Conveyor Scale 2454 

Coolant Source, Circulated Low-Tempera- 
ture 322 

2051 

Plating Non-Con 


Cooling-Effect Detector 

Copper Dispersion for 
duetors 2471 

Handler, Automatic 
Corona Test Sets 968 

—— brow Cabinet 1612 
roll Iecorder, 

ms Rn ol Electronic 


1604 


Core 


Automatic 945 
Equipment 
add-subtract 318, 738 
; "ahaa om 538; combination 
remote indi 
205 05 key loc k 
photoel: sctric 318, 530; 


bate! 

mechan- 
frequency 
MIL 738 


preset 126, 1588 
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Scaler, 
Timer, 


Counter 
Counter 


Creep 7 
CRO Probe 
(‘ryoscope 13 


Current 
Curve, 
Curve 


CYLINDERS 


Damage In Trar 


1018 
Quasi 


aaa: Automate 
Processing with a 
Memory 690 
oat mer 124 
REDUCTION 
oscillograph 
359 


Random- 


SYSTEM 
746 


Time 
Converter 
Recorder 164 
Supply, Precision 
Supply Regulator 
Capacitor ) 
COUNTER 


Signal 


162 


Generator 


Voltage 


Divider 3 
Inducto 1 


System 
Units 
ineralizer 
Demodulator 
Denver Research 


, Ultrasonic 
569 
1863 
2105 
institute 
A 


2494 


Meter 
Test 
Indicator 


Deviation 
Deviation 
Dial 
Dial 
Dial 


FM 1839 
Bridge 75¢ 
1608 


Vernier 

. Divid 
Dis amond 2 
Manometer 
Motor 2095 
Miniature 
Kit 577 
Pre 


rential 
sure 


Differential Pressure 

Differential Pressure 

Gage, Magnetically 
tograph, Electror 
tometer, Double 


Diffusion 
Digimati 
er we AL 


Proce Diode 
TOM A <8 TON 
ae 197 q 


circuits 


Digital-to-Analo ‘onvers ae 
DIGITAL COMP UTI 

portable electronic 124 

Oi r and = Analy 
Controllers 2205 
Conversion Kit i 
Conversion Kits 
Data Recorder 1595, 15°¢ 
Dial Potentiometers 1154 
Indicator For Process \ 


1810 


Ohmmeter 
Process 
Readout Unit 15! 
Keadouts 319, 1 
Recorder 534 
Reports 1920 
Dizital Time and Se 
Digital Vacuum tube 
mounted 54 
Digital 
Calibration 
Digital Voltmeter, Ac-Dx 
Digitized Weighings 585 
Digitizing Converter Low-Voltage 1590 
Digitizing System, Optica Shaft 


48( 


Control 


1380 


uence Control 240 
Volt meter, Rack 


with Automatic Continuous 


141, 1840 


angle 


DIODE: 1000-volt silicon louble 
based 985 
Diode-Curve 
Diode Tester 
DIODES 
process 2487; plug-in 
565; 16,000-v_ silicon 
tion 1386; 2486; subminiature 
silicon power 1386 
Direct-Current 
r 


Tracer 962 
diffusion 
power 
junc 
766; 


Vacuum -tube Voltmeter 


1154 
Direct Setting Gage 1182 
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Dir Finder, High 
Dise Cathode 985 
Dises, Rupture 1659 
Disconnect, Pneumatic 77 
Dispersion for lating 
Copper 2471 
Displacement 
Distillation 
Distillation 
llation 


ection 


Pickup 1586 
Apparatus ‘46 
Train 129 
Units 128 
65 
Distortion Meter 1839 
Doping Elements 

Semi-Conductor 

DOSIMETER 
Dowel, Pins 1647 
Drafting Machine 
Draw Furnace, Sili 
Drawing Material 
Drawing and Traci 

Grid” 355 
Drill, Micro 118¢ 
Drilling Unit, Automati 
Drum Actuator 538 
Drum Reversing Switch 
Dry- Cell Replacement Su 

760 

Systems, . 
Kiln Controllers 
Beam C-R-O 332 

al Trace Generator 964, 1376 
Duct, Fastener Snap-On 24! 
Dummy Lead And Calorimet 
F 1835 
Density Measurer, At 
Altitude Sim ulat 
Dynamic Balancing 2 
Dynamic —— 1542 
Dynamics of Liquid Flow Contre 

DYNAMOME TE R: fractional 
er 1582; Dre ision 736; sensi 
welder 118 
DYNAMOMETE RS: 

84 


Dust 


mospher 
Dynamic 612 


550 


DYSEA and SEAC Cooper 1075 


E 
f Process 


Economic As pects Control 
suide 


ide light-Duty 
ldgewise Microammeter 
jison Radio Amateur 
‘ducation News 1072 
2 ght-Scale Manometer 
4ECOM = 125 piler System 167 
Slectric Control Open llearths 
Conductivity Cell 2047 
Equipment Analyzer 
Indicating Instrument 970 
Measuring Inst ruments 
and Mechanical Angle 


Award, 1955 640 


trical 
trical 
LD ‘lectrical 
Electrical 
Electrical 
tor 582 
Slectrocaloric Flowmeter 
ectrohydraulic Position 
Electro-hydraulic Servo 
Electrolysis Voltmeter, 
Electrolytic, Miniature 
Electromagnetic Control 
tromagnetic J’ump 
Electromechanical Kits ‘87 
Electrometer And DC Amplifier, 
183¢ 
Electrometer Slideback 1131 
ELECTROMETER SYSTEM 
2481; vibrating reed 786 
Klectron-beam Processir 1014 
Electron Diffractograph 743 
El 
EK 


2112 
Contr ol 1540 


Dual 


ctron Photography 1985 
lectron Tube, New 100,000 
9 


Circuitry 84, 288, 
1534, 1780, 1993 

Processing Machine 
Control Systen 
1841, 2482 


E inerenie 
904, 1136 
ectronic Data 

tronic-Hydraulic 

Switch 338, 

Tubes 986 

Instruments 1411 

Lite 


etre Optical 
Future Rol« 
Continuous- Flow 


lectronic’s 
alectroy horesis, 


El 
E 
BE 
EK “onic 
E 
El 
El 


Pa 


Dy lec troplat ing Control 
Electro-Pneumatic Conve 
Ellipses Template 1010 
EMF/Pneumatic sransmlt ter 
Encapsulated Circuits 
Encapsulating Machine 32 
Encapsulating Resin 162 
Enclosures, Sealed 346 
Encoder, Shaft-Position 159 
ENCODERS: angular po 
haft-angle 311 
Iendothermic Generators 
Engraver Bench 
Envelope Jelay 
Environment 
Epoxy Coating 1720 
Epoxy Embedding 
EPSCO 
Equation 
Finding 
Equipment 
sistors 
Elec acme Sookkeeper 
Seals, Key-Pur 1364 
Robert H. 1789 
Electronic 


2106 


1866 


Resin 1602 


for Curves, Instrument 

1822 

for Automatic Productior 

rms 

Error 

Esling, 

Estimating Equipment 
710 

Ptching Market 1184 

Evaluation of valve Mechanical 
teris tics 1121 


Charac 


Test Cell 522 
8 

640 

308, 

1490, 1742, 
Explosion-Proof Housings 
rometers 935 
Extraction Rack 


for 


Contre 


) 


F 


Safe Control Sy 
slower Unit 1665 
Equipment Coding 1663 
Test Controller 1830 
Safety Drum 1204 


Fail tems 
Fan 
Fan, 
Fatigue 
Faucet, 


Automation—Vol. 


two-way 


2006 
1 for Dresses, Slitters, 


for 


f 


Tocator, Ground 

Federal Airways Plan 

Feeders, Gravimetric 

Ferramic Mi 

Ferristorized 

Ferromagnetic 

FHP Motor 

Fighter-Plane Came ra, Automatic 
Time 1400 

Filament Transformer 985, 1186 

File Boxed § , Rotary 952 

Filled Thermometers, 
istics of H 294 

Tilm Analyzer 

74 


Fault 


Exposure 


Character- 


and Recorder, tallistic 
Data Proj 
yea! 


559; sterile 1205 


642 


: ‘ana alog 
Sormie ontrol 
communic ations 1387; cylin- 
line 1662; subminiature 
2090 
Lubricators & 


Et 
type 1370: 
telemetering 
t Regulators, 
binations, Air 1168 
¥ and Driers, ey it Air 
for FM, Crystal 119 
financial News 1276 
‘ire Detection Systems 2°53 
FITTING: flareless tule 
ders 1649; push-on 1649; 
nec 76; self-aligning 162 
FITTING S: leak test 2492; 
self flaring 1649 
me Photometer 
sh Testers 1192 
t se, Toolmaker 
Bomb System 12 
Instrument System 107 
Simulator 1190 
. Instrument 
564 


Com- 


1662 


2493; high- 
quick-con- 
nylon 349; 


548 


Control 


ition 


Discharge 315 
bber L608 


Automatic 
Unicellular 
Con ap er 1666 

Attachment 


for Cylinder 


Dynamics of Liquid 

Armored 

Digital 

Sight 316 

& Switch 358 
Proportional Counter 1865 
-Rate Indicator 2455 
Rate Transmitter 

LOW METER 

romagneti« 

iutaarad ing 

Flowmeter 


Indicator 
Indicator 

Indicator, 

Indicator 


1576 


cr ntrol, 
Meter 
Control 
Regulator 
testrictors, 
Transmitter 
Transmitters 


elemetry Terminals 
Control Switch 2112 
9 6 
50,000-LE 
Gages, Dynamic 
Me asuring System 
if PIC Kt P 


20,000-Ib 


Transmitters 
ractometer, Vajor 
Freeze Dryer 160, } 
Freezing Peint Apparatus 
Frequency Changer 4 
Frequency-Code Relay 
Frequency Converter 
Frequency Counter 125 
2056 
uency 


Counter-Timer 


Modulation 
Period Counter 
requency, Period and Time (ounter 

1588 

Frequency 
Frequency 
MREQUENCY 

ichron 2302 
Irequency 
Frequency 
Frequency 
Frequency 
Friction-Torque 
550 


Response Recorder 1380 
Response Symposium 1492 


STANDARD: 977; atom- 


Supplies 2086 
Synthesizer 754, 1378 
and Time Instrumentation 
to-Voltage Converter 2462 
Meter Instrument- 


1588 


s, Capacitor Type 
Level Switch 536 
Hoods 948 
Function Generator 1822 
Furnace, Silicon Draw 2472 
Furnace Reactors, Control Sys 


058 


G 


Accessory 
ring-ball 
pin amplifier 
Interferometer 
Protection 
llagher, Glen 
Galvanometer, Recording 
Galvanometers, tecorai 
Gamma-Ray Projectors 1 
Gamma-Ray Spectrometer 
Gamma Spectrometry 
alyzer 538 
oa vanometers 2482 
Analyzer, Industrial 2496 
Analyzer Ngee ts 1355 
Analyzers 2 
Chromatography 1707 
Chromatography Apparatus 1: 
Dehydrators 1008 
Gas Meters Used to 
Maintenance Costs 34 
Pressure Regulator 
Regulator 1169 
Sampler 1811 


dual-purpose 
74 


741 
tadiation Ar 


Cut Phone-line 


Gas 2053 
Gas 
Gas 


Gas-System Protector 1665 

Gasket Thermocouples, Miniature 

Gaussian-Noise Generator 142 

Gaussmeter, Nuclear Magnetic Resonance 
544 

Spur 1000 

2096 


ar Blanks & Hubs, 
Box, Dual Output 
ar Boxes, Miter 1648 
ar Checker 550 
Motor Head 1390 
ar Reduction, Variable 1000 
Gear Tester, Automatic 1376 
GEAR TRAIN: size 11 
universal 770 
Gearmotor, Shaft-Mounted 2468 
} 3: 2095; anti-Backlash 
3; miniature 576; 
; reducing 1202 
ild ERMA’s fre Bank 
General-Purpose, The 150 
GENERATOR: all- an 
signal generator and swee 
1642; impulse 962; pulse 24 
Generator Controllers 582 
General-Purpose Digital Computer, 
30, 264 
Geophysical Resistivity 
weight 1599 
Gland Sealant, Thermocouple 1399 
Gland, Teflon Lab. 1370 
Glass Blowing on the Glass 
Glass Gage, Sheet 1610 
Glass Pyrometer 1578 
Glass Scales Etching 1720 
Glass-System Needle Valve 
Glassware Accessories, 1863 
Glassware Items, Lab 948 
Glossmeter, Specular 1070 
“Go And o-Go’’ Control 
tronic 
Graphic 
400 


servo 7H; 


1647; heli 
powered 


1070 


combined 
964; hand 
signal 555 


lai’ 


System, Light 


Lathe 2501 


1370 


System, Elec 


75 
Circuit-Layout Tapes and Shapes 


Graphic Circuit Production Unit 153 
Graphic-circuit she le 342 
Grass Automation 192! 
Gravimetric Feeders 1814 
Grae Anomaly Simulator 
Gravity survey-data Analog 
ase Tester 32% 
Grid Dip Meter 333 
Grinder Controller 1 
Grinder, ‘‘Visible’’ { 
Grinding Machine, Copy 950 
Grinding-Wheel Tester 1820 
Groove Checking Gage 954 
Ground and Fault Locator 1854 
Guided Missile Range a 
Gum-in-Fuels Tester 15 
Gunner's *‘Brain’’ 
Gyro, Rate 1598 
GYROSCOPE 
rate 776 
Gyroscope System, 
Gyro Servo Test Table 


2108 


Computer 1600 


rate, 319; subminiature 


Vertical 


319 


H 


Pneumatic Hydraulic Positioner 


Handbook of Scientific Instruments & 
Apparatus, 1955 1492 

Handle, Instrument 999° » 
iE : component 999, 1647; 

754 


micro 


automatic 
: type 550; 
poc ket 247 ‘ 

Assembly, 
th Monitor 127 
Exchanger 58 
Flow Dises 12 
Flow Monitor 95 & 

Heatproof Garment 1469 
Heater-Thermostat 1356 

Heating Unit, Cartridge 574 
Heatset Live-Effect’’ 943 
Heavy-Duty Supplies 981 

Heidel Conference 2354 
Height-of-Fill Monitor 116 
High-Altitude Chamber 136 
High-Frequency Direction Finder 
High Pressure Regulators 2053 
High Pressure Standards 1916 
High-Speed Digital Conversion 1297 
High-Stability Wide-Band Pneumati 

Controller 1810 
High-Vacuum Pump 1168 
High Voltage Insulation Testers 
High Voltage Power Supply 1382 
High-Voltage 1 5 1833 
High-Voltage T 1162 
Highway Signal 
Hilsch Vortex Tube 743 
Hi-Temp Pressure Pickup 1358 
Holder, Small-Parts 
Home Repairs Tester ° 
Homogenizer 547 
Honolulu Number 

Control of 1118 
Hook-on Volt-Ammeter 2481 
Hose, Transparent Reinforced 
Hose Fitting, Hydraulic 769 
House Bill HR 6381 683 
How to Make A thermocouple 
HeS Detectors 1172 
Humidity Instruments 02 
Hydrogen and Carbon Analyzer 1172 
Hygrometer, Electrolytic 1404 
‘‘Hypodermic-Needle’’ Pressure 
Hypsometer 1409 


20 
Hea ler 
2066 


538, 


1617 


Eight, Centralized 


Plastic 


1868 


Gage 524 


Ignition Analyzer 2 

Illumiator, Instrum “4 1374 

Impact of Automation 220 

Impact Register 938 

Impact Tester 752 

Impedance Comparator 2076 

Impedance Plotter, Automati 9 
IMPULSE GENERATOR: 62 

1619 

*‘Inchworm’’ Motor, 

Inch Converter 1007 

Incubators 1192 
INDICATING 

and DC, 


The 167 


INSTRUMENTS: AC 





DC rectangular 1155; rectangular 
electrical 1156 
INDICATOR: DC amplifier 558; 
miniature 758; vertical-scale 1810 
Indicator-Controller with Pneumatic 
mitter 5: 
Indicator 
1 ) 


Trans- 


For Process Variables, Digital 
1182 
Circuits, 


Indicator Holder, Magnetic Base 
Indicator Lamps for Printed 
Miniature 1007 
INDICATOR LIGHTS: 
1007; tiny 1864 
Inductance Transducers, Mutual 
Inductance-type 2217 
Induction Generator 134 
Inductor, Decade 559 1160 
Industrial Retaining Ring Co 
Industrial TV Camera 1660 
Industrial Television 1205 
Industrial TV Transmits on 
Telephone Lines 2 
err Guidance 


774; seal for 


Ordinary 


yA 
Systems for Satellite 
telectintion Theory 1519 
Infared / yz 
Infrared Analyzer for Complex Mixtures 
Infrared Analyzer Tests Heaters 107: 
Infrared Spectrophotometer, Automatic 740 
Input Plug, Supply 994 
Inquiries 18, 202, 397 
1248, 1447, 1941, 2147, 23 
Inside ‘and Outside Diameter ‘Gage 1608 
Inspector for Wire, Rod, Tube, Ete 
Automatic 2474 
Instrument Attachments 2452 
Instrument Console for Test Chambers 58 
Instrument Counter 2268 
Instrument Handle 999 
Instrument Motors 344 
Instrumental Methods of Chemical Analysis 
99 
Instrumentation for Air Pollution ‘ 
Instrumentation for a Continuou 
Steel Annealing Line 285 
Instrumentation; Government-owned Inver 
tions Available for License 1492 
Instrumentation in India 838 
Instrumentation of a 
Generating Facility 92 
Instruments Industry, 
Measuring 1101 
Intake-Duct Rakes 5 
Integral Test System 
Intercom, Low Cost 352 
Intercom Kit, 2-Station 2494 
INTERFEROMETER: alignment 1374 
gage block 134 
Interlocked Process Scanning and 
Center 120 
Intervalometer 
» Convention, 


) 
Strip 


New 


Control 


Radio Engineering Show 


& Steel Conference 28 
System, Automatic 584 
| Highlig hts. 196 
Firsts’’, Some 


ferrite 2288; rotation type 


1967 
ISOLATOR: 
164 


Isolators, Ferrite 2091 

Italian National Association for Auto- 
mation &34 

ITV, Remote 


Control 121, 1006 


J 
Jig Borer 


Journal tr! 
928, 


132 
the SCMA 108, 294, 
41 


Converter 


Keyboard-Type 7 
Mag-Tape 


Keyboard Type 
tem 7 
Keyer 
Key-Punch 
Kit, Contact Switch 
Knob, Collet Fitting 
Klystron Power Supply 
Knobs, Mil Spee 1645 


Recording Sys- 


744 

Amplifier 145 

Error Seals 1364 
988 
2093 
341 


L 


Instruments 

Stirrer 2061 

Cold Fabricating 1188 

Laminations, Testing 

Lampholders and 
Pin-Style 1661 

Lamp Indicator, Dual 1007, 

Lamp and Relay, Alarm 574 

Lamps for Printed Circuits, 
Indicator 1007 

Landing Gear Control 1190 

Large-Problem Solutions at 
clone 

Large-Screen Scope Reduces Testing Time 
by 90% 709 

lathe Cabinet Stand 324 

Layout Grid Paper 1402 

lead Checker 135 

Lead Comparator 1610 

Lead Cutter-Former 739 

Lead Screw Assembly 157 

Leak Detector 958, 1181, 2476 

Leak-Detector Tester 2476 

leak Test Fittings 24% 

Leak Tester, TC-Tube 

Leakage Tester, High Voltage 
Leather Testing 1072 

Lemon Sorting, Automatic 1075 
LENS: pressure-safe 817; 

750; wide-angle 1660 

Letters to the Editor 4, 159, 
815, 

Level and “Angle Finder 

Level Controller 2052 

Level Trols 2110 

Lifetime Test Set, 
rier 2278 

Light, Around-Lens 350 

Light Modulators 1657 

Light Spot Wattmeter 2282 

Limit Stop Assembly 770 


Laboratory 556 


Laboratory 
Laminate, 


362 
Indicating Lights, 


Miniature 


Project Cy- 


1833 


telephoto 
- 


393, 625, 


1184 


Minority Charge Car 


Limit Stops 2289 
Line Chek 754 
Line Heater 2300 
Linear-Feed-Rate 
Drum 708 
Liquid Fuel 


Indicator uses Magnetic 


Handling, Safety System for 


Liquid Level Controller 317, 753 

Liquid-Level Gage Glass Cleaning Rod 
9 

Liquid-Level Gage, Electrically -Heated 
1166 

Liquid Level Gages 2052 

Liquid Level Indicator 

Liquid-Level Probes 1166 

Liquid Meters 2456 

Liquid Spring 1646 

L & N Opens New Plant 

Load Cells, Miniature 93¢ 

Swi _Multi-Point 

582 

Connector ! 

Logarithmic Converter 248 

Longitude Counter, E-W 

Low Frequency Noise Generator 1176 

Low-Frequency Vacuum Tube Voltmeter 
1157 

Low Pressure Controller 121 

Low-Temperature Cabinet 1612 
LUBRICANTS: insert-package 
wolid film 2232 
LUBRIC ATOR: 

lator and 1169 


2299 


1205; 


1188; air filter, regu- 


Machine Drive, High-Precision Linear-Mo- 
tion 1826 

Machine-Tool Controller 1604 

Machine-Tool Sales 739 

Mag-Amp-Reg Dual Supply 762 

Mag-Amp-Reg Supply 1382 

Mag-Tape Recording System, 
Type 744 
“‘Magnehelic’”’ Gages 2309 

Magnet Charger 1186, 2070, 2271 

Magnetic Amplifier Regulated” aes Sur 


ply 561 
Magnetle Amplifiers, CTR-244 
Magnetic Base Indicator Holder 
Magnetic Control of Industrial Motors 
Magnetic Cores, Ferramic 2503 
Magnetic Drum Linear-Feed-Rate 

cator uses 708 
Magnetic-Field Controller 741 
Magnetic Field Control System 2114 
Magnetic Flow-Rate Meter Body 1577 
Magnetic Head 746 
Magnetic Modulator pig 
Magnetic Recorders 13 

MAGNETIC TAPE IANDLER 594; 
airborne 2067 
Magnetic Tapes 1406 
Magnetically - Coupled Difte srential 


yage 


Keyboard 


1266 
1182 
1492 


Indi 


Pressure 


Magnetism conference 1462 

Magnetronic Data Handling 1536 

Magnetronic Savings Account stem 1262 
MAGNETS: permanent 2473; plastic- 

bound 

Maintenance of Mercury-Type Meters 515 

Malfunction Detector, Vibration Type 
Mechanical 1402, 1661 

Mandrels, Expanding 1184 

Mann Comparator Data Processor 

Manochromatic Source 1192 

Manometer, Diaphragm 1580 

Manometers, Well Type 948 

Marking Machine 2068 

Mass Flowmeter 121 

Mass-Flow-Rate Meter, Momentum-Princi- 
ple 314 

i hi cadniere vy for Low-VP Chemicals 


2060 


Mas 4 Sp. ectrometer for Multi-Stream Anal- 
ysis 1576 
Mat, Bench or Desk 950 
Max-Min Thermometer 1356 
Max and Min Pointers for 
mometers 2051 
Maximum Pressure Gage ! 
McIlroy Pipeline Network 928 
McLeod, Jr., John H. 301 
Measurement of 400,000° 
Measurement of Bearing 


Dial Ther- 


F 838 
Lubricant Films 
Measurement of Short Time Intervals 1995 
Mechanical Features of Control Valves 
Mechanical Measuring Instruments Indus- 
try 1101 
Mechanisms 1492 
Megohmmeter 973 
Memory, 500,000,000-Bit 
2209 
Memory System 1362 
Mercoid Controls 789 
Mercury Sweeper 544 
Mercury-Type Meters, Maintenance 
Metal Detector 1399 
Metal Detectro, Tramp 2300 
Metal Sorter 1602 
Metal Strip, Ultrathin 2471 
Metering-pump Drive 123 
Metallized Plastics 1188 
Mica End-Window Counter Tul 
Microconverter Chopper 1012 
Micro Delta p Controller 360 
Micromanipulator 544 
MICROMETER: dig ner 
matic 1827; electronic 13 
Micrometer-Collimator 247 4 
Micrometers 954 
Mic kph a ehe 2281 
Microphones, lenser 1675 
MIC ROSCOP E: measuring 
scopic 326 
Microscope Stage 1184 
Microscope-Telescope 1662 
Microscopes, Industrial 1856 
Microvolt-Ammeter ¢ 2078 
Microvoltmeter 1215 
Microwave And UHF Components 
Microwave Spectrum Analyzer 2479 
Microwave Training NWit 584 
Military Tank Simulator 17 
Milliammeter, Rectilinear Recording 934 


Milliammeters 335 


Random - Access 


1181 


1uto- 


readout 


1608; 


stero 


9987 
225% 


a aneeaas Square-Pulse Generator 


Million bits per square inch 1712 
Millivolt Recorder 335 
Mine Safety Appliance Co 
Miniature Controller 1352 
Miniature Protected Therr 
Minimal-Space Supplies 
Minority Charge Carrier Li 
997 
Missile and 
Supply 1598 
Missile Checkout System 
Missile Simulation 1 
Mixer, Wet Milling 
Mobile Lab for Process Study 
Modules and Breadboard hit, 
Circuit 1850 
Moisture-Content Meters 162 
Moisture V Transmission 


2048 
wouples S15 
) 


time Test Set 


Aircraft Instrument 5-VDC 


1460 
Standard 


Molecular Still 321, 2061 
Monitor, 24-Element 
Monochromatic Lamp 
Monochromatic Lamps 
Monochromator Accessory 
Monochromators, Mirror 
Motion-Picture Apparatus 2270 
Motion, Position, and Vibration lickup 
316 
MOTOR: aircraft 344; 
993, 1200; miniature 
Motor Control System 1402 
Motor Gear Head 1390 
Motor Load Indicator 336 
Motor Short-Stroke 2091 
Motor Speed Control 943 
Motor Speed Controller 2458 
Motor-Tac Generator 2092 
Motor-Tachometer AC 
MOTORS: miniature ; P-M 
head 2091; rectangular 1200; synchronous 
1199 
Motors 
1206 
Mount, Antivibration 1646 
Mount for Silicon Power 
amic 1636 
Mountings, 
l- 5Y 
Low 


brake 993; 


gear- 


Drive and Control Instrument 


tectifiers, Cer 


Shock and Vibration Protec 


-Frequency 999 
Forms 247 
Target Indicator, 
Multi Circuit Tester ; 
Multicoders, Low-Level ‘1174 
Multicoupler, Broad- Band 974 
Multi-Counter Panel 318 
Multiele ment Oscillograph 
Multiple-Output Power Supply 
Multiplexing 470 
Multiplier Phototube 540 
Multipoint Recorders, Steel 
*lans for 290 
Multi-Pressure Calibrator 1356 
Multi-Stage Flowrator Meter 2108 
Multi-Tank Controller 520 
Mural, Instrumentation 640 


Radar and 478 


Industry Has 


N 
Nameplate Material 1187 
Nameplates 350 
National Bureau of Standards 
1078, 1916 
Science 


1070, 1072 


Foundation Colloquia 
National Simulation Conference 
NBS ee Circuit Prosram 
Needle Valve, Glass-System 13570 
Needle Valves 1001 
Negative-Sequence Sensing 
Networks, Long Delay 2090 
Neutron Absorption Analyzer 
New Plants and Mergers 41, 2 
855, 1087, 1279, 1481 
Nickel Strip, Tin Clad 2472 
Noise Figure Indicator, Noise 
and Automatic 1618 
Noise in Simulation 2239 
Noise-Figure Meter 13 
NOISE GENERATOR: 
frequency 1176 
oise Generators and. 
Figure Indicator 161 
Non-Destructive tas for 
rials 1181 
Nuclear-Energy Cell 774 
Nuclear magnetic resonance 
Nuclear Magnetic Resonance 
544 
Nuclear 
1019 
Nuclear Research Reactors 356 
Null Indicator 1620 
Numberer, Photonegative 322 
Nylon Screws and Nuts 998 


Relay 


1004 
Generators 


962; low 
Automati 


Bonded Mate 


controller 741 
Gaussmeter 


Magnetic Resonance Spectrosec 


Odorant Measurer 
Office Automation 
Office Automation Conference 1262 
Office Automation: Integrated and 
tronics Data Processing 2 
Ohmmeter, Digital 486, 1380 
Ohmmeters, Wide Range 1157 
Oil, Penetrating 1606 
Omnirange Indicator 1599 
On-The-Spot Automation 


Elec 


17 
Open Hearths, Electr fe Control of 86 
Operations Recorder 
Operations Research 1 
Optical Generation Technique 1009 
Optical Shaft-angle Digitizing 
11 


Tester 1856 

Tooling 594 

Wedge Filters 

Optimal, Controller 22 

Organic Chem Lab, 

Orifice Meter Measurement 
in 108 

Orifice aietering. 
of 7 

Orifice, "Se gmental § 

Oscillating Torque Motor 344 


Optical 
Optical 


Optical 640 


Principles and 


Noise 


Demonstration 


System 


Developments 


Practice 


OSCILLATOR: 1-cps to 100-ke 1832; 6 
cps to —- 960; backward wave 1847; 
versatile 754 
OSCILLOGRAPH: 2480; 22-channel 968 
30-channel multielement 968; recti 
linear 1837; selsmac 1600; two-channel 
2078 
Oscillograph and 
Combination 968 
Oscillograph Data Reduction 
Oscillograph Explosion-Proofing & 
Timing 2482 
Oscillograph Power Supply 
Oscillographic Recorder, 
Writing 1012 
OSCILLOGRAPHS: direct-writing 
rectilinear-recording 1622 
Oscillography-Xerography 2154 
OSCILLOSCOPE: 8-channel 557; C-R 
332, 758; cathode-ray 2479; 10-MC 1381; 
industrial 183 infinite-persistence 1622; 
laboratory 1653; low frequency 1622 
Oscilloscope Camera 974 
Oscilloscope Memory 144 
Oscilloscope Tube, Flat-Face 2082 
Oscilloscopes, Multiple 1622 
Output Standardizer 758 
: dielectric 742; 
OVI : circulated-air 
160; electric box 1606 
Overload-Proof Tester 962 
Oxygen Analyzer, Portable 2300 
Oxygen-Electrode Apparatus 548 
Oxygen Meter, Magnetic 1212 


Automatic Processor, 
System 74 
Flas! 


2082 


1000-cps Direct 


portable 956 
1181; controlled 


P 


Beppe Assembly Circuit 586 
Packaging, All-Metal 1865 
Packaging Containers 
pacman Material 1: 
Packing Glands 2292 
Panel Handles 999 
Panel Indicator 1838 
Panel Instruments 1154, 1206, 2480 
Panhandle 217, 411, 637, 
1060, 257, , 2346 
Panoramic teceiver 
Paper Expansimeter 958 
t: ‘*Fade-out-Grid’’ 
5; layout grid 1402 

Paper Machine Draw-Speed Recorder 1574 
Paper Sampler 1659 
Parallelism Gage, 


drawing and 


Abrasive-Grinding 


ccelerator 740 
Electric 2070 
Pencil, Colored Drafting 100¢ 
People in the News, 45 241, 445, 667 
863, 1093, 1283, 1487, 1737, 1936, 2173 
pH and Conductivity 1416 
Periscope, Inspection 22 
Permanent- Magnet, Tact 1ometer Genera 
8 
s INDICATOR: 
precision 162 
Phase Meter 971 
Phase Sequence — ators 
Phase Saale 97 
Photo Panels ¢ 1 
PHOTOCELLS: 
con 1204 
Photocopy Unit 1204 
Photoelectric Control 588, 936, 1664 
Photoelectric Control System 2048 
Photoelectric Control Systems, Miniature 
2048 
Photogrammetric 
Photometer 7 
Photometer, Flame 548 
Photomultiplier Supply 560 
Photonegative Numberer 
Photorecording Papers 1005, 
Phototransistor 2090 
PHOTOTUBE: 1865; multiplier 549 
664 
Physical Mathematics 
Pickups, Acceleration 
Piezoelectric Ceramic 
Pigtail Forming Machine 
Pilot Light 2495 
Pilot Lights, Qui k-Connect 774 
Pinhole Detector 135 
Pinion Shafts, Precision 156 
Pipeline Network, McIlroy 
Pipette Rinser, Automatic 
Piping - Instrumentatior 
of 2295 
Piping Rac ks 1017 
Piston Seal 1646 
Pitot Equipment 1016 
Pitot Tube 2456 
Pittsburgh Conference on Analytical (¢ he n 
istry and Applied Spectroscopy 2 
Planchet, Resistant-Glass 540 
‘lant Waste Effluents, Checking 
Plastic, Ferromagnetic 7 
*lastic Hose, Transparent 
Plastics Springs 1712 
Plastic Tubular Gurad 
582 
Plastics, 
Plotter, 


automatic 970; 


1619 


Xerography 2307 
1664; crystal 986; 


*lotter 159, 


1492 

1171 
Transducers 778 
2068 


Importance 


1466 
Reinforced 2096 


For Tubular Gage 
Metallized 1188 
Computing 124 
Plug-In Units 764 
Pneumatic Actuators 1 
Pneumatic Disconnect 770 
Pneumatic-Electric-Pneumati 
sion 2106 
Pneumatic-Hydraulic Pilot Pe oner 1408 
PNEUMATIC TRANSMTI' TER: 1415; 
indicator-controller with 
Vointer-Deflection Coder 
Polariscope, Portable 752 
Polishers, Spec iment 548 
Porosimeter 1655 
Portable Standard 
836 


Transmis 


2048 


And Test Grade In- 
struments 
Position Control, Electrohydraulic 
Position-Servo Valve 2067 
POSITIONER: automatic 
2468 
Vositioners, 


1540 


1602; pilot 
Power 2468 
Positioners for Diaphragm Actuators 1782 
Positioners for Cylinder Actuators 1987 
Post Amplifier 97 
Potentiometer 1154 
y TIOMET 
B... 3; portable 


rec mitaeas recording 


2078 

1154, 2078; 

049; recording 
934 


mini- 
2452; 
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Potentiometer 


Potting 
Potting 
Power 


Ground 
Analyzer, 
Power Generati 
Power Pad, Coa 

POWER 
561; 


subminiature DC 
Pewer Supplies 
Supplie 


s 146 
POWE R SUP 
re gulat ion 

20 - 


ae 561: 


portable 
285 


or 


Compout 


182 
A-C 

n 

xial 


966 


SUPPLIES: 


Bridge 


Rec 


ligital 
itting 


Instruments 
1636 


instruments 


regulated 


” 2084; 


for 


$ for 


PLY: 
D 


Iti purpos¢ 


"T15 


ply Converter 


Supply 
Supply T 
sforr 


POWE R 
‘tical Analo 
eager "Ls IF I 


Pressure 

gine 1 
Pressure 
Pressure 
Pre ssure 


instrur 
anstrume 


Pressure 
Pressure 


28 
UNIT: 
g-Dig 


ester 
ner, 


a 
iF 


ent 
ent 


1 
1 


and Demol 


835 


" 


160; 


PeSWITCH 


hi rs low 


Pressure-Tank G 
Tra 


1594 
Printed-Circuit 
Printed Circuit 


Process Contr 
Process Contro 
9959 
Process Controll 
Process 
lers 22 
Process D 
Process har 
313 
Process Data 
Process-Inf 


at 7 
PROJECTOR 
ro 77¢ 


Proje 


mi 
IX« 
Par 


tor 
Proportional 
2268 

Proportioning 
Prospecting 
Prospecting 
Proving-Ring 
Proximity Pickup 
Proximity Pickup 
Proximity Relay 
Proximity Switch 
Psychrometer, 
Pulley, Variable 
Pulleys, Nylon 


Page 376—Instrumen's & Automation- 


Pump 
Counter 54 
uipment 


Force 


age 


Trar 


Digita 


ilir 


Logging 


Recor 


Graphic 


ine: 


Optimal 


; V-R 56 
Automation 
Electro 


ar 


ynom 
sistorized 


stem, 


Systems 
Dual Fur 


yster 


1819 


245 


1 
“Or 


on 


n 


13 


oft 


trol 


Punch 


128 


Systems 


524 
1362 


Speed 


1201 


Aspiration 


Pickup 


21¢ 


81 


( 


981 
184 
Dynami 


calibratic 
> 145 


ic Aspect 
tlectroni 


Mode 


ler-Contr 


1328 


lectroni 


890 
2046 
Controller 


enter, Ir 


tecording 


1583 


1 


speed 


Circuits, Transistorized 


l 
Delay 
SE 


Generator 968 
NERATOR 
quadruple 


l’ulse 
tems 

Pulse 
Pulse 
Pulse 
Pulse 

Pulse 
Pulse 
Pulse 


Generator for Magnetic 
1619 

Generators 

Height 

Oscillator 
Ratemeters 

Test Verromagnetic 
Transformer 138¢ 

Transformer Kit 1655 

Transformer, Miniature 
Transformers 1635 
Transmission Equipment 

SER: 14-KV_ 1164; mercury 

2494 

Pump and 
PUMP 

combination 

electromagnetic 


Fast 974 
switel 


Vacuum 210 

121; chemical 
and vacuum 
portable air-motor 


Port, High 
centrifugal: 

pressure 
585; 


Vacuum 354 


Recording L’roportional 1 l 


*anel 


Pumps, High 
Punch-Card 


Converter 2060 
Type Mact 


Punched Tape 
Punched hae 
Controller 
Push Button 
Pyrogen Testing 
P = TER aspiration 
78; hand 935; portable 2o4!s 

Radiation 778 


iine or 


a for Switches 2 


1925 


try, 


9 


Q Meter, Radiofrequency 

Quadruple Pulse Genera 

Quality-Factor Tester 334 

Quantitative Analysis of Cas 
4 


Access Memory 
a 690 


4 
Pitch 1647 


Radiation Analyzer 
trometry 538 
Radiation Standard, 


for Gamr 
Adjustable 


Survey Meter 1366 


Standardization 


I 
Radiatior 
Radiation Unit 
Radio & TV Tester 1617 
Radio Frequency Gas Analyz 
Radio Frequency Voltmeter 
Radio Interference and 
Measur E juipment 1164 
ic rence and Fie 


875 
Signal Circuit 
Indicator 1864 

Spectrophotometer 
Noise Sources 
Pulse Generator 
se il 
roscopes 319 

“RAY rE ME TE R amplifier 127 

Of-Turn Table 

Recorder 7 

Digital AC 

Ratiometer, Digital DC 

Ratio Relay, Pneumatic 

Reactor, *‘Mass-Produced’’ 24! 

Reactors, Mass-Produced 1922 

Readout Unit, Digital 1595 

Read-out for Ten-turn Components 

ital 22 

a 

1009 

Receiver, 

Receivers, 

Recent 

1800 
Receptacle, Graphic Circuit 769 
Reconnaissance Camera ial 2462 

‘ee ORDER: 200 channel 1462; digital 


Ra t 
Ratio 
Ratiometer, 


Dig 


ilter-Drier-Liquid Indicator 
Special-purpose 158 

FM/AM 3 
Developments in Solenoid Valves 


Missiles 2066 
On-Off Controller 


ae corder for 
Recor: jer and 


X-Y 2281 
Camera 2064 
Electrical 


Process 


Biuaorian 
Recording 
Rectangular 
ments 1156 
tectangular 
and DC 
Recticle Ran 2495 
RECTIFIER: heavy 
rent § ; improved 
1630; 344; printed-circuit 981; 
silicon 2485; 6 V 2485; twin-diode 138 
Rectifier Cells, Selenium 1630 
RECTIFIERS Hi-temp _ silicon 
miniature 982; silicon 1630, 2485 
power 981 1383; 1500-V_ single 
silicon 1630 
Rectilinear Recording 
Rectilinear- Recording 
Rectilinear Re ee 
Reduction erereule 


Indicating Instru 


"iat ate Instruments, A¢ 
55 


duty 982; high cur 
342; liquid-cooled 


2088; 
silicon 
junction 


Milliammeter 934 
Oscillographs 1 

Potentiometer 934 
Gear 1000 


Reflectance 
Reflections, § 
REFRAC TOMETE! 
130 1355, 
Refrigerator-car Control 
Regulated HV Supply 
Regulated Supplies 
REGULATOR: 
utput 341; = re pressure 
eae ors, anced Valve 
ELAY: all- _purpose 768; § 
3 pe 298; close differential ; cool- 
running heavy-duty 152; high- 
stepping 2094; 


process 


AC 
1642; 


152; 


high-speed 


Vol. 30 


1860; machine 
mercury -plunger 
miniature DC 
768; miniature 
sensing 


laboratory 
1642; 
151; 
phone -type 
negative-sequency 
circuit 1642; 
sensitive £ subminiature 
subminiature 1851; 
telephone-type 990; 
ing action 1642 
RELAYS: all-purpose 344, 
bined timing and photoelectric 
cury ay 1198; multi-function 


tective 1213 
ri ontrol ITV 


Remote 
Re mote Me asuring 


miniature 
298 


138 
supersens itive 
time delay 1851; wip- 
com- 
mer- 
pro- 


121 

System, Control Unit 
Controls 1464 
Selection 


for 
Remote ‘Mechantoal 
mote Tank Gages, 
Stallation of 1344 
search Industrial 1905 
sistance Bridge 2074 
sistance Decade 143 
sistance Tester, Low 
sistance Thermometer 
ssistant-Glass Planchet 540 
sistor-Capacitor Chart 187 
RESISTOR: carbon-film 567; control 
2488; helical <melatie 984; miniature pow 
er 163 2088; precision 16 snap-in 
variable 1195; subminiature 15 
Resistor Netware: Plug-In 1195 
3 ORS: axial load 1195; 
encapsulated 1195; 
fine-tolerance 1632; medium 
miniature 568; power 149 
rib wo und ; subminiature 567; 
1632; wire wound 568 
Resonance Recorder 2498 
Table 2 
Staff 


and In- 


O 


deposited 
film-on 


Committe¢ Automation 
Plating 
Standards 

568 


Keverser for 
Power 
Ring 
Plating Solution § 
Addresses ASME 
1920 
Cooler 
Speed 


1712 


and IRE Meet 
Lock 582 
Difference 


ing 
Rivet 


Roll and Ratio Recorder 


Rolling Schedule Control 
a 
neter Kit 948 
Acwuators 1599 
segmented Switches 


ie 
13 


Rotary 


Roundness Recorder 
Rubber Sealing ' 
Rubberized Hair 
Running - Torque 
Rupture Dises 
Russia, Automation 


Ss 


Case Gage 736 
Control for Dielectric 
Remote Control, Oil 
) r Controllers 


Heaters 
Burner 734 
Alarms, et 
Stand 247 

Industry 


ympressed itomatic 


Sampler, 
Sampling Commutator 
SAMPLING SWI 
46; miniature 1597 
Sampling System for 
ment of O2 732 
Sand-Blast Gun 544 
Sawtooth Generator 
Scale Batching 1360 
SCALE: conveyor 2454 
Scaler Dis¢ riminator 
Portable 
high 


2490 
I 


150 low-level 


Continuous Measure 


Automatic 333 


trailer 
1602 


1400 
«& 
128; 


speed transistor- 


industrial ma- 


Measurement 2424 
Apparatus Makers 


Science 
Scientific Association 

Accidental 
Industry 875 
1601 


Scientific Discoveries, 
Scientific Instruments 
Scintillation Counter 
Scintillation Counting, Liquid 173 
Scintillation Detector 1005, 1601, 
Scintillation Probe, 3-D 321 
SCMA Instrument Short Cours 
Screen Process Kits, Wire 1 
Screens, Printed Circuits 
Screwlocks for Connectors, 
Screws, Miniature 32 
Screw- Holding Driver 2070 
Screws and Nuts, Nylon 998 
Sealers, Hermetic H a 767 
Sealing Products 
Seals, Metal-to-C eramic 
Sequence Controller 2458 
Seismic Time Domain Filier System 
SEISMOGRAPH multi-use 582; 
portable 590 
Selection and 
Gages 345 
Self-Ignition Apparatus 
Selenium Contact Protectors 
Selenium Rectifiers 341, 982 
Selenium Relay Rectifier 
Self-Sticking Diagrams 2471 
Semi-Conductor Doping Elements & Alloys 
Prefo-med 2473 
Semic nductor Products 
Semicoi ductor Ploeg 
Sensitiv.ty 


SERVY 
9 


pee? 


1987 


30 


*olarizing 574 


348 


1820 


Installation of Remote Tank 
eg 2062 


1873 


Criter 116 
AMPLIFIER industrial 


Servo Amp.ifiers 340 
Servo, Balanver, Dual 1402 
Servo Units, “‘Dime Size’’ 
Servomechanisni 16 
SERVOMOTOR: 
44; short 1644 
Servomotor & Amplifier 2102 
Servomotor-Generator 1599 
SERVOMOTORS: geared 
tion 992 


1644 


60-CPS 992; 


400-CPS 


1199; indica- 


Servovalve, Hydraulic 1669 
Servo Multiplier, Dual 311 
Seven Day Time Switch 1360 
Shaft-angle Digitizing System 
Shaft-angle Encoders 311 
Shaft-V’osition-to-Digital 
Shaft-Position Encoders 
Shaker, Vibration 1831, 
Shield Insert, Jan 986 
Shifter, Phase 976 
Shipping Containers, R 
Shock Recorder 4 
Shock- Resistant 
Shock Tester, 
Sidereal Test 

Converter 116 

N ‘GENER ATOR 
6 


Optical 


Converte 
361, 1593 


e-Usable 2104 


Simulator 964 

Source, Me 

Bonded etic HF 

Power Dic 1386 
POW ER RECTIFIERS 

mount for 1636 

Power 765 

2070 

Newsletter 

2015 


2076 
Silicon 
Silicon 
SILICON 
7; ceramic 
Silicon Triode, 
Silicone Compound 
Simulation Council 
507, 723, qual, 
Simulation 
Sine-Cosine 
Sinter Plant 
Sky Brightness 1076 
Slab Furnaces Combustion Control of 1546 
Slideback Electrometer 
Slide Projector, Micro 
Slide Rules, Ey 
Slip-Ring Assembly 
Slip Ring Assemblies 
Slip-Ring Brush 1636 
Slotted Line, L-Band 
Smoke Alarm 1813 
Smoothness Tester, Printing 
Cover Control 13 
Reactor 1293 


301 
2448 


101 


““Potentiome ters’ 2114 


Control 2419 


101 1 

Saver 773 
2491 

988 


1848 


958 


2472 


tube 997 


sx § Feeder 
SOC KETS right angle spring 

Lit 

Solar Battery 1011 

Solder Gun, Small-" 

Soldering Iron, 

Soldering Iron 

Soldering Tool, 

Aluminum 

and 


Tips Bs 
Resistance 
544 
Actuators 
228 
VALVE 1001; 


in 1800; 


oid 
Solenoid 
SOLENOID 3-way S28; 
AC rotary 


Lubricants 
" Battery 
Con 


luctivity-prineiple 


Analyzer 38 

"Reeitation Unit 128 
Protractor and Tachometer 
Withington C¢ The 204 
Control Systems Div. 204¢ 
Gravity Tester 206: 
Spectrograph, Ultraviolet 
Spectrographic Analysis 

SPECTROM oR 
rect-reading 
ning 2061 
Spectrophotofluorometer 
SPECTROPHOTOME absorb anc 
accessory for 1172: accessories 13 
matic infrared 740; recording 1876 
Spectr oscopic Analyzer 
Speed-Change Indicator 3% 
Speed Changer, Adjus stable 
Speed Control Systems 3 
Speed Controller, Motor 
Speed-Drive Variable 2 
Speed Drives, Adjus table 
Speed Indicator 530 
Ss Reducer 136 
: Reduction Unit 1202 
Spherical Union Connection 
Splice-cap Insulator 153 
Spring, Liquid j 
Spring Tension 
Spur Gears, Iron Powder 
Square-Pulse Generator, 

39 


2102 


Sparton 
Specific 


“Ratio 


reed 
reed 
for 


AN 


Valves 


1201 
Millimicrosecond 


of Digital Solutions 2241 

And Test Grade Instruments, 
1836 

Capacitors 2080 
Classification and 
Valves 
Frequency 


Stability 
Stan 


Standard 
Standard 

for Power-Actuated 
Standard Time and 


Terminology 
ROR 
Broadcasts 

776 
Control System 

Facility 


Static Eliminator 
Static Switching 
Steam-Generating 
tion of a New 92 
Steam Receiver- Purifier 
Steel Industry Has Plans 
Recorders 290 
Steel Industry, 


2255 


Instrumenta- 


1203 

for Multipoint 

Sixth Conference In- 

strumentation in the Iron and 

: ee IZER: 1654; automatic 35 
THOSCOPE”: industrial 943; 


n achine 52 

Stirrer, Low-Speed 1370 
Retriever 131 

Stochastic Generatore 205 

Stock R rt 38 


on 
st] 


Stirring-Bar 
850, 1082 
12 1478, 
Stop Clocks 
Storage Drum 744 
Storage Drums, Magnetic 
Strain Cycle Counter 1614 
Strain Gage Amplifier 
Strain-Gage Indicator 750 
Strain-gage Power Supply 138 
Strain Gage, Weldable 2055 
Strain-Gage Recorders 247 
Strain Foil-Type 
Stratospheric TV 12 
Stream Analyzer, Coating 
And 2048 
Strip Steel 
tion for 
Strip-Steel 
Strobe Unit 
Table 1362 


1 
1360 


Gages, 750 


Thickness Gage 


Line, Instrumenta 


285 


Annealing 
Continuous 
Thickness Control 91 
Accessory For Rate 


Of-Turn 





Stroboscope Synchronizer for Vibration 
Testing 330 
Subassemblies 
Subminiature 
Suction Pyrometry 
Sun Battery 2191 
Sun Battery Cells 355 
Supervisory and Kemote 
trol System 2046 
See Control 
TILL: agitated 
molecular, laboratory 


“sU PPLIES: 
regulated 761 
Supply for Airborne Use 2068 
Supply for Bridges, Etec., Dry-Cell Re- 

placement 760 

SUPPLY: 300 VDC_ 1382; 
980; roughness tester 750 
Surface-Temperature Indicator 1813 
Surve. os page 540 
Survey Meter 12 1366, 1601 
Sweep-Frequency ‘VSWR Measuring Sys- 

tem 966 
Sweep Generator, Scope 1618 
Sweeping Oscillator 960, 964, 1164, 
Switch and Rheostat Combinations 
Switch Assemblies 2291 

SWITCH: air flow 2455; 

1176; crossbar 2290; drift compensation 
1362; drum reversing 992; explosion-proof 
2502; extra-heavy duty Ttotary ! 

573; -T Y 573; 4 


339; limit or 
limit-type 13 


and Test Instruments 
AM FM Receivers 1164 
1314 


Positioning Con- 
1574 

pot 2271; 
1860; high 


centrifugal 
vacuum 
1844; 


transistorized twin 


mag-amp-reg 


1618 
153 


centrifugal 


starting 

mini- 
1 minia- 
contact 1640; 
proximity 
multipole 

; six-cirecuit 572; 
snap 1388; snap-action 
2290; step-base’’ snap 


ev 

& Hl 1640; 

ature low-torque selector 

ture wafer 1388; momentary 

1852; panel mount snap 572 

2094; rotary limit 153 rotary 

1640; sampling 

small 20-Amp 990; 

991; split-contact 

572; toggle 991 
SWITCHES: 

differential-pressure 

industrial 1850; push 

selector 573; sampling 

991; 1640; water-tight 

Switching and Balancing 
ups 337 

Symposium on Fluorescent X-Ray 
graphic Analysis { 

Symposium on Printed 
sored by the Engineering 
the Radio-Electronics-Television 
facturers Assoc, 1492 

Synchro, Size 

Synchro 

Synchronous 

Synchros, Size 

Syncopation by Automation 1460 

System Tester 2074 


2092 


automatic transfer 12 
123; high-speed 
button 991; rotary 
1851; subminiature 
limit 988 

Units for 


06 ; 
6 


Pick- 
Spectro- 
Circuits, 


Department of 
Manu- 


Spon- 


T 


Tabulating Typewriter, Automatic 
TAC Generator Machinery 1820 
TACHOMETER: contacting 530; 
1360; electronic 1588 
ptr Generator 1199 
CHOMETER GENERATORS: perma- 
ne be “magnet 1598; small-diameter AC & 
DC 2265; temperature compensated 2200 
Tachometric Pickups 2458 
Tandem Transistors 1209 
Tank Controller, Multi 520 
iAGE magnalux 


Tank-Gaging System 
Tank Unit Tester 538 
Tap Switch, Ten-Position 
Tape F 
Tape 
Tape 
Tape 
Tape 
Tape 
Tape 
Tape 
Tapes 
out 1400 
Teflen Lab 
Telemetering 
Telemetering 
izing 2046 
Telemetering 
Telemetry Terminals, 
Telephoto Lens 
Teleprinter Terminal 186° 
Television, Industrial 12 
TEMPERATURE CON' r ROL LER: 1356; 
2262; automatic 520; plug-in unit thermis- 
tor 1578 
Temperature 
2454 


2491 


Recorded TV 83 
Recorder 1863 
Translator 1825 
Transport 1364 
Winder 1176 
And Shapes, Graphic-Circuit Lay- 
Gland 1370 

Receiver 1598 

System, Compensated-Total- 


Transmitter 
FM 


Controllers 1813, 2049, 2262, 
Conversion H291 

Indicator 1356 

instrument tables H 290, 294 
and Pressure Instrumentation 


Temperature 
Temperature 
Temperature 
Temperature 
Temperature 
Temperature 
Temperature 


measurement tables H 290 
Probe, Air 2 
Test Cabinet 552 
Temperature Test Chamber 1181 
Temperature Transmitter 120 
TEMPLATE: hydraulic symbols 
panel 582; lettering 1665 
Tensile Strength Testers 1831 
Terminal Lug and Rivets, Microminiature 
853 
Terminal Strips 574 
Terminals, Teflon Insulated 
Termination Machine and 
nect Terminal 2068 
Test Instruments, Electronic 
Test-Stand Test Stand 2152 
Testing Machine and Data Printer, Auto- 
matized 330 
Terminology of Control Valves 
Test Instruments, Subassemblies 
Test Jack, Etched-Circuit 768 
Test Leads 552 


351; 


998 
Quick-Discon- 


1668 


901 
and 


Le hoe Kit 1402 
Safety Valve 
Gyro Servo 330 
S High-Voltage 1162 
Thermal Barrier, Penetrating The 
Thermal Conductivity Gage 2047 
Thermal Conductivity-Type Selective 
lyzer 2047 
Thermal Switch 
Thermistor 
Thermistor 
Thermistor 
Thermistor 
In Unit 
Thermistor Test Kits 1376 
Thermistor, Thermometer, 
Multi-Range 2258 
Thermistors 3 
Thermocouple 
Thermocouple 
Thermocouple 
glock 
Gil anc 
THE MOM “OU PLE: 
: to make a 
315 
Thermocouple 
Thermocouple Tester 2217 
Thermocouple Wire Insulation 
THERMOCOUPLES: _ head 
miniature bayonet 205 1; 
protected 1813; miniature 
ieee 7 oTER: 


recordit 


2152 
Ana- 


735 
Bridge 
Kit 1171 
Manual 2305 
Temperature 
157 


1171 


Controller, Plug- 


Multi- Point 


Assembly 528 
Connector, Miniature 527 
Connector System 317 
Glands, Multiple-Wire 
high-temperature 
1868; surface-tem- 
Reference Junction 1356 
1813 
miniature 
miniature 


gle point 
ac ee f 
Thermoscopic Pellets 
THERMOSTAT 
ment 1 heater ° 
action 350; 1356; two switch 2260; 
Thermostatic Water Mixer 1580 
Thickness Control, Strip-Steel 
THICKNESS GAGE: coating 
trasonic 2072 
Thickne jages 954, 118 
Thickne Recorder 2474 
Thread-Change Ac japter_ 2 
Thread Protector Caps 7 
Thrust Measurement 220 
TrHYRATRONS: control 
Time Base 2068 
Time Counter, 


137i: equip- 
11 12 


q 


1197; neon 764 


Frequency Period And 


Time Ce 
Time 
Time 
Time 
Time 
Time 
rimer, 


punter 1586 
Delay Relay 2056 
Delay Relay, Hi-Temp 530 
Delay Relay, Thermal 945 
Switch 
Switch 

Automatic 

Repeat-Cycle 

Recycling 1586 

teset 1586 

T'wo- Drive 
Delay Relays 1199, 
Delay, Rapid Reset 
Domain Filter System 
and Frequency Broadcasts, 


2056 
Seismic 1 
ane 


Elapsed 160 
Short 


for Aircraft, 
Measurements of 


Indicator 
Intervals, 


Time 
Time 
1995 
Time Meters 1586 
Time Scale Check 
Time and Speed Counter 
Time Switches and Timers 
Timer and Counter 125 
ier, Electronic 318 
rimer-Multi C wart f 
rimer-Ratemeter & 
Timer- Recorder, 
Timers, Automatic- 
Timers, Electroplating 
Timers, Multi-Circuit 1586 
Timers, Multi-Range 1176 
Timing Motor, Hysteresis 1852 
Timing Marker Generator 1329 
P Motors, Chronometrically Gove 
0, 78 
ig and 
binec ‘ 
Tin Clad 
Titrator, 


Computer 534 
1019 
2457 


,1819 


oabanaa 2267 
Reset 1819 
126 


rned 


Photoelectric Relays, Com- 
Nickel Strip 2 

Automatic 547 

Titrimeter, Trademark 

Tool Automation 1070 

Tools, Serviceman’s 

7 id Coil Winder 

Toroids 1868 

Torque ae, Bidirectional 

Torque Wrench Te 3 
TORQUEMETER 2055; instru- 

ment-bearing-friction 550; running 550 

Torquemeter for Power Screwdrivers 324 

Torque Screw Driver for Gage-Block As- 
semblies 954 

Torque Solenoids 1391 

Torque Testers, Running 

Torque Tool, Midget 

Torque Wrench Tester 

Torsional Calibrator 956 

Totalizer, Remote 946 

Trace Generator, Dual 1376 

Trace-Retaining Cathode-Ray 

Tracer Control of Spar Milling 

Training Kit, Microwave 584 

Transconductance Analyzer and Circuit 
signer 964 

Transfor mer, 

628 


.NSFORM ER: 
iable 2 


TRANS SFORMERS: 
encapsulated 150; outdoor 
1847; 2090 

TRANSISTOR: 


2140 


Tube 1: 
2356 


De- 


DC-to-DC Semiconductor 


instrument 1158; var- 


customized 2080; 
2483; transistor 


ctr-310 1266; junction 
2489; military type 1747; miniature p-n-p 
148; p-n-p 342; power 565; 1386; sub- 
miniature 1381; tester power 1833 
Transient Instrumentation 224 
Transistorized Electronic Process 
System 1574 
Transistor Alpha Tester 
Transistor Housing Bases 155 
Transistor Package, Signal 766 
Transistor Oscillator 2074 
Transistor Supply 341 
Transistor Test Set 552 
Transistor Tester 754, 
2074 


Control 


552 


902 


964, 1614, 1832, 


Transistor Thermometer 1617 
Transistor Transformers 1847 
Transistor and Vacuum-Tube DC 
meter, Combination 1158 
Transistor for VHF 12¢ 
Transistor Volt-Ohmmeter 115 
TRANSISTORS: 500-MC 765; H-F 148; 
mediu ower Sade PNP silicon 565; tan- 
dem > 1208 
Transmission Equipment, Fast 
TRANSMITTE pneumatic 
tentiometer or bridge pneumatic 
pressure 1500 
Transometer 1666 
‘Trans-Sean-Log System’’ 
Traveling Wave Cathode-Ray Pube | 
Traveling Wave Tube ‘Amplifiers 
Traveling Wave Tubes, Metal 764 
Trends 17, 211 
1453, 1707, 
Trends in Process 
TRIODE: medium-mu 


Volt- 


Pulse 
59 


120 


Automa 


1636; twin power 


& Bellows Material 2068 
Bender 134 
Caps 988 
Tube Cutter and 
118 
Tube-Fitting Anchor 2097 
Tube Fitting, Flareless 2493 
Tube Fittings, ‘‘Intru-Lok’’ 2308 
Tube Race 1202 
Tube Sockets, Right-Angle 997 
Tube Tester 756 
Tube Testing, Automatic 
Tube & 
Tube Troughs, 
Tubeless D-C 
Tubes, Metal-Ceramic 
Tubing Assemblies 
TUBING: ceramic 
1000; spaghetti 1639 
Tubing Terminal Connections, 
Bar 1843 
Tubing Through Support 
bby Recorder 
TV ‘AMERA 
closed ciceute 2103 
TV Ec jucational 
Circuit 3 
TV Teste 
Triode 985 
Two-Hand Cluteh 


Constrictor, Combination 


1922 
Transistor Tester 1617 
Coupler for 1648 
Power Supply 34] 
1410 
orn: high-temp teflon 
Bulkhead 
2097 
airborne 1190; 
1660 


Network, First Closed- 


542 


Control 


U 


Ultrasonic Cleaner 2 

Ultrasonie Transducer 5 

Ultraviolet Source 

Unicellular Rubber Floats 

Univac AF/CRC Magnetic Computer 1264 
Universal Joint, Miniature 576 

Utility Cabinet 1400 


Vv 


V-Notch Chlorinator 2110 
TYPEWRITER: automatic 
104; slave 124 
VACUUM GAGE: 

1580; single scale | 

Vacuum Switch 

Vacuum Symposium "Transactions 

Vacuum Tube Voltmeter, Low 


tabulating 


2053; hot-wire 


1492 
Frequency 
Volt-Ohmmeter a 
air control 1651; ball 
trol 1189; diaphragm 
double solenoid air 
4; explosive 581; 
flexible 579; four-way 
; HP reducing relief 
1002; instrument 
: chetarinia 1394; needle 247 
70; pressure regulator and shut-off 
pve check 2294; molded pve plug 
pilot-operated air 1589; plunger 
1387; pressure control 1190; pres- 
reducing 1396; pressure regulating 


Vacuum Tube 
VALVES 
cylinder 
solenoid 1 i; 
pei aca her tah ye 
control 185 


sure 

1394 
VALVE: drain 2470; 

1855 ; 


safety 
selector 
shut-off solenoid 


ram type 
shut-off 2098; saunders 
1651; servo control 157; 
small-flow control 1650; solenoid 
1001; solenoid control 1650; sole- 
noid-controlled 1395; sphincter 1652; 
switching 581; 3-way solenoid 328; toggle- 
yperated shut-off 157; water-regulating 
ive.) 
Valve 
Valve 
Valve 


Assembly, Selector 1002 
Capacity and Cy 282 
for ‘‘Dead Ends’’ 580 
Valve Machining, Automation in 
Valve Mechanical Characteristics, 
tion of 1121 
Valve for Pilot Plants 2098 
Valve Piping Effects 280 
Valve Sizing 2220 
Valve Solenoid and Cover 772 
Valve Test Equipment 1466 
Valve Types and Flow 
Basic 490 
VALVE: automatic gas 
trol 1673; butterfly 771; 
check 1003; control 327; 1652; 1938; 2 
directional 1399; four-way 1396; four way 
air 2099; gage protection 2099; high- 
vacuum gage 1854; motorized 327; on-off 
control 1190; pilot 1398; pinch-type 2468; 
quick-action 1395; reducing solenoid 
578; 1395; 1871; 2099; solenoid-operated 
579; solenoid pilot 2294; solenoid & pilot 
1397; SS needle 580; time delay 2101; 
two-way solenoid 1651; versatile 4%” 1394; 
3000-Ib hydraulic 1854 
Valves for Pilot Plants 2099 
Van Slyke Apparatus 1655 
Vane-Type Flowmeter 1166 
Vaporizer Regulator 2452 
Variable Delay Line 984 


1070 
Evalua- 


Characteristics, 


2468; air con- 
by-pass 2098; 


327; 


February 1957- 


Variable- 


Frequency Coctintee 1618 
Variable 265 


Speed Drive 
Variable Speed Pulley 
Variable Transformer 56: 
Venezuela, Instrumentation in 
Venturi Ball Valve, Paul 1210 
VHF Receiver 1164 
VHF Standard Attenuator 
Vibration Calibrator i 584 
Vibration Control 787 
Vibration Exciter 3: 
Vibration Generator 
Vibration Indicator 7: 
Vibration-Measurement Aci 
a ong 
Vibration Meter 938 
Vibration & Motion 
VIBRATION 
position and 316 
Vibration Shaker 1831 
y i Stroboscope 


eleration Pick 


eater 


PICKUP: motion, 


Synckro 


Vibration Type Mechanical 
Detector 1402, 166 
VIBRATOR: buttonless 20 

quency 2475 
*Vidigage’’ 1022 
VISC SSIMETER: 

low-temp 2493 

Viscometer, Rotational 
VISCOMETERS: high 


Malfunction 


high-fre- 


explosion proof 157 


299 


322 
shear 358; proc- 
245 

VL F RI FI Equipment ae 

— Ammeter Adapter ais 

Volt-Ammeter, DC 115 

Voltage Divider and 

Voltage Divider, Decad 
VOLTAGE DIVIDERS: 

precision 758 

Voltage Dividing Network, 

Voltage-Dividing Resistor, 
VOLTAGE DIVIDING RESISTOR 

rect-mounting 2089 high-precision 

high-tempe rature 763: multi- tap 


multi-turn precision 149; 567; 
sealed trimming 


1634; sine-cosine 566; 
single-turn 342; subminiature 566; 1384; 
ten-turn 56¢ trimmer 2487; trimming 
16: 86; wire-wound 
LTA DIVIDING RES 
penn Ae 1846; low-cost °c 
precision 1632; 1846; rotary-sector 
_simplifier ae 3 subminia- 
2088; trimmer 1345 
wound 
Voltage Reference 2484 
Voltage References 1194 
Voltage Regulating Tubes 984 
TAGE REG ULATOR: a 


Brlage 
digital 85; 


Precision 1845 


Computer 


lf 
2089 


774; dual 


REGU LATORS: 1400; 1628; 


ensitive Ceramic 
age Tester 
VOLTMETER: ac-de 
6: 20; dual electrolysis 
42; radio-frequency 1380; 
4 


OL TMETERS: de Digital 1874; 
1839; suppressed-zero 556 


Capacitors 569 
ligital 968; digital 
; electrostatic 
transistorized 


r r 973 

Volt eS ee 

y Hook 

I Milliammeter. 

VOLT-OHMMETER: 2281; digital 2280 
transistor 1154; vacuum-tube 336 
Volume Controls For G raph ie Circuits 1385 
Vortex Tube, Hilsch 3 
VTVM,. Miniature 968 
VU and DB Instruments 
VU Level Indicators 2282 


w 

Washers, Instrument 1647 
Water Bath 544 
Water Level Gage 
Water Mixer, Thermostatic 1580 
Water Purity Controller 1400 
Wattmeter, Precision 336 
Wave Analyzer, Audio 
Waveguide Switch 976 
Wavemeters, Cavity 336 
Wear Tester, Heavy-Duty 1829 
Weigher, Automatic Net 2055 

li a 1168; 
945, 


Bicolor 316 


Frequency 557 


continuous 


1584 
Tank and Hopper 1816 
585 


Weighing Systems 
Weighing System 
Weighings, Digitized 
Weight, Sets 1653 
Weld-Lok”” The Story Behind 2356 
Welder Dynamometer 1182 
Welding Head 132 
Wescon Hi Lights 1968 
Western Computing Center 2354 
Wide Range Ohmmeters 1157 
Wire, Silver-Plated 2473 
Wire Coated Steel 1404 
Wire Markers 2101 
WIRE: silicon insulated 2092; smooth 
wound 1606; stranded hook-up 1400 
Wire ‘Wound Controls For Graphic Cir- 
cuits 
Wires, sem Up 1638 
Wiring Machine, Automatic Wire-Wrap 
542 


Writing Machine, Automatic 746 


x 


Xerography Plates 774 
Xerography, Photo Panels and 2307 
<-Radiation Meter 1191 
-Ray Diffraction Apparatus 1860 
-Ray Diffractometer, Double Crystal 1191 
-Ray Units, Industrial 548, 
X-Y Plotters 1364 


Instruments & Automation—Page 377 





AUTHOR AND SOURCE 
INDEX 


A 


Abrams Instrument Cerp 
Accessory Products ¢ ‘orp 
Acheson Colloids Co 147 
Acro Mfg Co. 

Acromark Co 

Acton Laboratories 55 
Adalet Mfg. Co. 998 
Advanced Electronics, Inc. 538 
Advanced Electronics Mfg. Corp. 144 
Advanced Instruments, Inc. 131 

Aere Mechanis ms, Inc 

Aerovox Corp. 997, 


2068 


Airborne Accessories rp 

Airborne Instruments Lab. Inc 

Aircraft Controls Div. 2092 

AiResearch Mfg. Co. 24 1 

Airflyte Electronics Co. 988 

Airmatic Valve, Inc, 158, 1169 

Airtron, Inc, 1388 

Akro-Mils, Inc, 1402 

Alcor Electronics Corp. 564 
Iden Products Co. 988 

Allegany Instrument Co., Inc 
119 

Allen, John W. 2140 

Allen Mfg. Co 

Allen, Wm. W. 7 

Alpha Metals, Inc 

Alio Scientific Co 

Amerac, Inc, 530 

American Bosch Arma Corp, 1712 

American Electronics, Inc. 57¢ 

American Instrument Co, 137 

American Lava Corp. 349 

American Machine & Metals, Inc 
Gauge Div. 524 

American Optical 247 

American Phenolic Corp. 767, 995, 1389 

American Silver Co. 160 

American Society of Mechanical 
1492 


1004 
( 


Engineers 


Society for Testing Materials 


American Time Products, Inc 7, 1162 

American Tradair Corp. 2451 

Ampex Corp., Instrumentation Div 

Amphenol Electronics Corp. : 

Analogue Controls, Inc, 566 

Anatran Corp 

Anderson Co 

Annis Co., R 

Anton Electronic Labs., Inc 

Apco Mossberg Co. 542 

Applied Physics Corp 9, 

Applied Research Lab. 2048 

Applied Science Corp. of 
974, 980, 1174, 1364, 2092 

Arnoux Corp. 2086 

Aronson Milton H. 84, 288 
706, 882, 904, 1136, 1294, 
1780, 1992 

Aristo Grid Lamp Products, Inc 

Arvey Corp. 1372 

Askania Regulator Co. 132, 1189, 2452 

Assem bly Products, Inc, 732, 970 
2048 9R¢ 

Associated Research, Inc. ! 

Atchley, Inc. Raymond 2091 

Atkomatic Valve Co., Inc. 1001 

Atlas E-E Corp. 986 

Atlas Valve Co. 2100 

Atocon Corp. 151 

Atomic Instrument Co. 523, 

Audio Development Co. 162 

An-Temp-Co, Corp 

Automatic Instrume nt ‘Div , 
Labs. Inc. 142 

Automatic & Precision Mfg. Co. 1007 

Automatic Steel Products, Inc. 569 

Automatic Switch Co 151, 3 
771, 2098 

Automatic Tempe rature 

Automatic Valve 2 

Autotron Co. 530, 

Autron Engineering, 

Avien, Inc . 

Avionic Products. 
1190 

Axel Bros., Inc. 2089 

Axler Associates, Inc. 


1364 


Princeton 


1366 


Automation 


4 ontrol 2105 


B 
B&F Instruments, Inc. 1404, 2055 
Sacharach Industrial Instrument Co 
Saermann-Nord Corp. 5 
Bailey Meter Co 3 
Baird Associates, Inc, 552, 754, 946, 960, 
1384 
Baker & Co., Inc. 952 
Baldwin-Lima-Hamilton 
936, 956, 1400, 4, 24 
Baldwin Piano Co. 311 
Salteau Electric Corp. 
Bangerter, Harry G 
Alfred W. Barber Labs. 2 
Barbe r-Colman Co., Wh 
32, 2098 
Barco, Inc. 763 
Barksdale Valves 526, 936, 1189, 2054 
Barnes Engineering Co 132, 1186, 1356 
Barnstead Still & Sterilizer Co. 1400 
Insco Co., Div., Barry Controls Inc. 1360 
Barton Instrument Corp. 1578, 1580 
Bausch & Lomb 
: 6, 1366, 1374 
3 . 86 
Bayley Instrument Co. 1370, 
Beam a Pe 800, 


Corp 
76 


Insts. Div 


2455 


Beckman, Inc. A. O. 135 
Beckman eaeieunenss, The. i. 
34, 548, 556, 
1! . 1400, 1404, 1576, 2074. 22 
Becker, F. 817 
Beckman a Whitley, Inc. 748 


Optical Co. 128, 159, 


Electrical Instruments Co. 2282 

, Joseph Stiles 1492 

, M. F. 1967, H 290 

Behlman Engineering Company 

Belaef, Nikolai 1241 

Bell Telephone Laboratories 765 

Bellofram Corp. 355, 1169, 1400 

Belltron Mfg. Co. 943 

Bendix Aviation Corp., 
Div. 746, 1171 

Benson-Lehner Corp. 746, 1174 

Berkeley Div., Beckman Instruments, Inc 
318, 1576 

Berkshire Labs 

Beswick, W 

Beta Electric Corp 

Biddle Co., James 

Bin-Dicator C 

Birtcher Corp. 

Black Light Corp. of America 1372, 2104 

Black, Sivalls & Bryson, Inc. 520, 5 


9G, 


eode 


L194 


Bendix Computer 


Blaw-Knox Co. Copes-Vulecan Div. 1398 
Blonder-Tongue Labs., Inc. 21 
Blue M Electric Co. 160, 317, 544, 
Blundi, Anthony A. 1902 
Boehme, Inc., H. O. 1202, 
Bollinger, Loren E ¢ 
Boonton Electronics Corp 
Bossart, Paul 882 
Bourns Laboratories 2286 
Bowmar Instrument Corp. 738, 
‘ 99 


1181 
1387 


1380 


Boyer, H. M. 928 
Bradley Labs. 982 
Brady, W. H. Co. 1364, 
Brailsford & Co., Inc. 9 
Brandt, Weldon H. 6 
Branson Corp. 5é 
Branson Ultrasonic Co 
Brewer, Nathaniel 1328 
Brist H Co 934, 2046 
245 ‘ 


1400, 2102, 2471 
45 


542, 227 


Bristol, 

Brockett, G. 

Brombacher, W . 

Brookfield Engineering Labs., Inc 
Brooks Rotameter Co 48, 1358 
Brown, Kenneth W. J 

Brown, R. Hunt 1492 

Brown, Richard P. 1898 
Browning Lab., Inc. 341 

Bruel & Kjaer 2076 

go Electronics Co. 756, 1414, 207¢ 


Buchanan Electrical Products Corp, 153, 


Buehler Ltd. 548 

Bulova Research & 
Inc. 550 

Burling Instrument Co 

Burndy Engineering Co., Inc. 2068 

Burnell & Co., Ine. 2 

Burrell Corp. 321, 12 

Burroughs Corp. 55 

Burton Mfg. Co. 136 

Burton-Rogers C 
Works 335 

Byers, A. C 

Byran, Robert J. 2 

Byron Jackson Electronic Div 


Development Labs., 


9983 


Hoyt Electrical Inst 


Mar Corp. 2456 
affiaux, J. A 

ahill, Robert C. 2 
‘alidyne Co. 2277 
‘allery Chemical Co, 585 
‘ambridge Thermionic Corp. 155, 346 
‘annon Electric Co. 346, 994, 1389 
‘apcon, Inc. 1386 
‘arter Mfg. Corp. 
‘ash Co., A. W. 1190, 1394, 
‘ass, James 264 
‘atheron, Allan R. 1525 
‘ator, Edward J. 124 
\ Hytron 56 


2046 


‘edar Engineering, Inc 737, 1001 

‘entral Electronics Mfers Inc 2078 
Yentral Scientific Co. 131, 538, 1192 
‘entury Electronics & Instruments, Inc. 

520, 968 

“entury Engineers, Inc. 756 

‘entury Scientific Company 1168 

‘G vlectronics Corp. 964 

‘GS Labs. 754, 2458 
‘hadwick-Helmuth Co 
*hamberlin, Jr., A. B 
‘hase, B. A. 1896 
‘hatham Electronics 985, 
‘hatillon & Sons, John 7! 
Cherry Electrical Products Corp. 
Chesapeake Instrument Corp. 139 
Chicago Apparatus Co. 544 
Chicago Condenser Corp. 7 
Circle Seal Products Co., 
Cireon Component Co, 155, 
Circuit Instruments Inc. 567 
Clairex Corp. 986 
Clare & Co., C. P. 
Clarostat Mfg Co., 
Clary Corp. 2293 
oO 
¢C 
Cc 


1193 


2470 


2300, 


lary Multiplier Corp. 124, 
learprint Paper Co. 355 
leveland Instrument Co 
Clevite Research Center ! 
Clevite Transistor Produ 5 
Clifton Precision Products Co., Inc. ¢ 
Coast Coil Company 1156, 1160 
Coleman Engineering Co., Inc. 137, 
Collins Microflat Co, 954 
Color Television Inc, 966, 1190 
Comar Electric Co. 152, 2094 
Commercial Controls oy 746 
Committee on Vacuum Techniques 1492 
Commonwealth Engineering Company 1166 
Communication Measurements Laboratory, 
Inc, 754 
Company for Technical Progress 1181 
Computer Control Company 1197 
Computer Instruments Co. 1384 
Computer-Measurements Corp. 
2057, 2460 
Comstock, George E. 2209 
Conax Corp. 528, 575, 581, 


2292 


2058 


1179, 


1399, 
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1578, 


hart 994 


22295 


Condenser Products ve 
Conison, Joseph - 
Connell (P.E.), J. R. 304 
Conoflow Corporation 1168 
Conovar, Donald W. 1049 
Consolidated Electrodynamics 
9 38, 1181, 1358, 2054, 2 
1576, 1580, 2258, 
Ommabined Vacuum 
Consolidated Vacuum 
Continental Wire Corp. 
Control Engineering Co. “1402 
Control Products, Inc. 735 
Controls Corp. of America 1388 
Cook Electric Co. 990 
Cornelius Company 354 
Cornell- five lneeage or Corp. 
Corning Glass Works 95 
Count-O-Larm Co, 126, 318 
Crawford Fitting Co. 576 
Crescent Engineering & Research C« 
Crump, Joseph R. 820 
Crump, Ralph E. 2232 
James Cunningham Son & Co. 2291 
oot Scientific Instruments, Inc. 142, 


Corp 


2267 


1196 


Cycle Equipment Company 1176 
Curtiss-Wright Corp. 341, 2066, 


2978 


Zlie 


page Television Div., Thompson Products, 
ne, 12 
Dale Products, Inc. 2088, 2093 
Damol Corp. 2255 
Daniels, Albert G. 

listed in magazine as Ingalls 1006 
Dashew Business Machines, Inc. 748 
Datamatic Corp. 946 
Daven Company 567, 1195 
Davidson Mfg. Co. 330 
Davis Emergency Equipment Co. £ 
Davis Instruments, Inc. 1172, 1355 
Daystrom Pacific Corp. 319 
Daystrom, Pacifie Div. 149 
Dayton Rogers Mfg. Co. 1201 
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For all flow measuring problems... 


F & P HAS THE ANSWER 


Corrosive fluids or gases, corrosive atmospheres, 
high temperatures and high pressures are com- 
mon flow measuring problems... and_ they’re 
being solved every day with Fischer & Porter 
flowmeters. 

Two of the most popular types of F&P flow- 
meters are the 1700 Series Flowrator meter and 
the all-metal Fig. 52 armored Flowrator meter. 
These versatile meters give you a predictable 
calibration performance in all ranges doing 
away with the necessity of individual calibra- 
tion. You can get maximum corrosion resistance 
because both meters are available in many 
different materials. 

Here are just a few of the features of the 1700 
Series flowmeters: 

Stainless steel enclosurc standard Eliminates 
costly maintenance because corrosive atmospheres 
are no problem. 

Three designs in one basic instrument Side plate 
construction gives extra rigidity and prevents 
operating stresses and strains from being trans- 
mitted to the tube . . . standard enclosure gives 
extra protection against accidental tube breakage 


End fittings rotate 360° Simplifies piping arrange- 
ment. 


Built-in panel mounting fittings Longer bolts are 
all that is needed for front or rear panel mounting. 
Controlled outside tube diameter Permits the use 
of molded teflon liner and pre-cut packing rings 
interchangeable within meter size. 

The Fig. 52 armored Flowrator meter is another 
favorite of industry. Here’s why: 

Cold-formed metering tubes Unique cold forming 
of precision-bore metal metering tubes eliminates 
price differential between glass tube flowmeters 
and all-metal flowmeters . . . assures complete 
interchangeability of metering tubes. 

150 Ib. and 300 Ib. flanges standard Eliminates 
any problem in the matching of flanges. 

Only one moving part Minimizes maintenance and 
pressure drop. 

This is only part of the story on what F&P 
flowmeters can do for your process. To get all 
the details on 1700 Series and Fig. 52 Flow- 
rator meters, write to Fischer & Porter Co., 
327 County Line Road, Hatboro, Penna. 





Catalogs on other F&P flowmeters 


10-A-10—Introduction to F&P Flowrator meters 
10-A-43—High capacity Flowrator meters 
10-A-93—Selection Guide for Flowrator meters 














. .. pressure enclosure gives maximum protection. 
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